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'I’lic  accidental  discovery  of  strange-l<H)king  deposits  in  the 
salt  beds  of  an  ancient  sea  near  Carlsbad,  New  Mexico,  led 
to  prospect  drilling  in  the  area,  and,  eventually,  to  the 
development  of  the  rich  sylvite  beds  now  being  mined. 
During  the  past  30  years,  the  production  of  potash  in  the 
Carlsbad  area  has  become  one  of  the  great  mining  enter¬ 
prises  in  North  America.  It  is  a  $50  million-a-year  business 
furnishing  employment  to  4,(X)0  people. 

Potash  Company  of  America  is  the  biggest  producer  at 
(,’arlsbad.  Just  now  approaching  its  twenty-first  birthday, 
PC^A  has  made  remarkable  strides  in  the  development  of 
mining  methods,  all  aimed  at  getting  more  ore  out  of  the 
ground  and  into  its  big,  modern  refinery. 

The  article  beginning  on  page  135  reviews  the  history  ol 
the  potash  industry  in  America.  Also,  descriptions  of  the 
more  important  operating  procedures  of  Potash  Company 
of  .America  are  included. 

O  •  • 

Shortly  after  the  introduction  of  short-period  delay  deto¬ 
nators  in  1946,  it  became  apparent  that  a  given  total 
amount  of  explosives  so  detonated  often  caused  appreci¬ 
ably  less  vibration.  Also,  the  new  method  often  produced 
more  effective  fragmentation  as  compared  with  a  blast 
fired  with  the  same  amount  of  explosives  detonated  instan¬ 
taneously. 

Creator  breakage  from  blasting  with  short-period  delay 
detonators  has  been  explained,  in  part,  by  recent  high¬ 
speed  moton  pictures  of  the  fracturing  of  rock  by  dynamite. 
The  step-bv-step  relea.se  of  explosion  gases  allows  initial 
fractures  caused  by  the  gases  of  one  hole  to  be  extendt*d 
and  new  ones  developed  by  gases  from  a  succeeding  hole. 
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Mining  Uranium 

In  the  Colorado  Plateau .  149 

By  Charles  F.  Thomas 


Viewi  and  opinions  rxprpHurd  by  the  authors  ol  articles  in  this  publication 
are  their  own,  and  they  do  not  net'esNarily  represent  those  ol  the  publisher. 


Kxperiments  have  demonstrat(‘d  that  when  explosive 
energy  has  been  applied  most  efficiently  to  its  job  of  break¬ 
ing  rock,  vibrations  are  smalh'st;  if  vilirations  are  large,  the 
explosive  energy  has  not  been  employed  with  maximum 
<*fficiencv. 

Factual  information  on  this  interesting  and  important 
new  blasting  method,  illu.strated  liy  .seismographic  record¬ 
ings,  may  be  found  on  page  142. 

o  a  • 

Uranium  in  apparently  unlimited  (piantities  in  the  (’olo- 
rado  Plateau  is  bringing  a  rush  of  individuals  and  capital 
into  the  region  that  promises  to  surpass  the  wildest  days 
of  the  (California  gold  ru.sh  in  1849. 

In  the  article  “Mining  Uranium  in  the  (Colorada  Plateau,” 
beginning  on  page  149,  (Charles  F.  Thomas  describes  the 
weird  beauty  of  the  Plateau.  For  many  years  it  has  been 
a  paradise  for  geologists,  artists,  and  photographers.  Today, 
as  a  result  of  the  Covernm<*nt’s  participation  in  atomic 
nuclear  studies,  this  heretofore  worthless  region  has  ap¬ 
parently  become  the  greatest  source  of  uranium  on  the 
.American  continent,  if  not  in  the  world. 

For  Part  I  of  this  article  on  uranium,  turn  to  page  149. 

•  •  • 

Krratiim:  In  the  article,  “Laving  a  Pipe  lane  lor  (Canadian 
Oil  Deliveries,”  published  in  the  july-.Augiist,  19.54,  issue 
of  The  KxPi.rwivE.s  hCN(.iNE,EH,  we  referrexl  to  lilasting 
underwater  holes  in  the  bed  of  the  Kscanaba  Biver  with 
Hercules®  60%  Gelatin  Kxtra.  This  was  in  error.  The  grade 
of  dynamite  should  have  been  r<‘f<*rred  to  as  60' J  lligh- 
Pi<*ssur<"  (Celatin. 

VV'e  regret  that  this  inaccuracy  was  not  detected  before 
the  article  was  printed. 
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Most  businesses  are  bel|i(‘)l  today 
by  Hereules’  business  .  .  .  the 
production  of  syntbetie  resins, 
cellulose  |»roducts,  clu'tnical  cot¬ 
ton,  terpene  cbetnicals,  rosin  and 
rosin  derivatives,  chlorinated 
products,  and  many  other  cbeini- 
cal  processirifi  materials — as  well 
as  explosives.  Tbroufib  close 
cooperative  research  with  its 
customers,  Hercules  has  ludped 
improve  the  prcn'essing  or  p«*r- 
formance  of  many  industrial  and 
consumer  products.  Vie  welcome 
the  opportunity  to  work  with  you. 
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aign,  and  production, 
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MUSCLE  FOR 
MOUNTAIN  MOVERS- 

More  than  I.IKHI.OOO  lha.  of 
llerculea*  dynamite  were 
iiae<l  by  S.  A.  tlealy  (lo., 
Chicago,  to  hedlow  out  a 
mountain  near  Waahing* 
ton,  D.  (].,  in  the  conatruc- 
tion  of  an  alternate  global 
communicationa  center  for 
iiae  in  caae  preaent  Armv, 
Navy,  anil  .Air  force  faciti- 
tiea  are  knocked  out  by 
enemy  attack.  Tbe  taak  of 
carving  t Ilia  top-aecret  bead- 
ipiartera  out  of  aolid  rock 
would  have  been  inipoaaibit. 
witbout  indiiatrial  exploaivea 
and  excavating  knuw>huw. 
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A  Bl<>^rapliy 

F'^ollowi.nc;  a  course  in  mining  engineering  at  the  Hoyal 
Technical  Institute  in  Stockholm,  Sweden,  in  19()fi, 
Jnlins  Bernhard  Haffner  roamed  over  Europe  tor  four 
years  working  as  an  engineer  and  a  miner.  In  1910,  he  came 
to  the  United  States  and  continued  to  broaden  his  knowl¬ 
edge  and  experience  in  a  wide  variety  of  jobs.  In  1940,  he 
became  associated  with  Bunker  Hill  and  Sullivan  Mining 
and  Concentrating  Company  as  general  manager.  Early  in 
1954,  his  as.sociates  elected  him  president  of  the  company. 

“Barney,”  as  he  is  known  to  a  wide  circle  of  friends,  was 
born  in  Dagstorp,  Sweden,  on  Christmas  Day  in  1886,  the 
son  of  -Mons  and  Kerstin  Person  Haffner.  He  w'as  the  young¬ 
est  in  a  family  of  two  girls  and  four  boys,  who  were  rai.sed 
on  a  small  farm  owned  and  operated  by  their  parents  in  the 
southern  part  of  Sweden. 

Barney  received  his  elementarv  ethication  in  the  Dags¬ 
torp  grade  school  and  the  high  schools  at  Eandskrona  and 
Eund,  Sweden.  This  was  followed  bv  a  course  in  mining 
engineering  at  the  Boyal  Technical  Institute,  a  mining  col¬ 
lege  in  Stockholm. 

His  first  job  was  in  the  iron  mines  at  Daunemora,  Sweden, 
at  the  age  of  twenty.  He  also  w’orki’tl  as  an  engineer  and 
a  miner  in  England,  Erance,  (Germany,  and  Bussia.  In 
1910,  Barney  came  to  the  United  States  and  went  to  Nome, 
Alaska,  where  he  washed  gold  on  the  Seward  Peninsula  and 
the  Yukon.  Late  in  1911,  he  moved  to  Illinois  and  got  a  job 
digging  coal  near  Danv  ille.  Erom  there  he  went  to  Bay, 
Arizona,  and.  for  the  next  seven  years,  worked  as  shift  boss. 


foreman,  and  engineer  at  the  mining  property'  of  Hav  (am- 
solidated  (Copper  (^ompanv. 

Erom  1920  to  1923,  he  was  a  foreman,  engineer,  and 
superintendent  with  Sheep  (a-eek  Cold  Mines  in  (California; 
Western  Pho.sphate  (Company  at  Paris,  Idaho;  Tintic  Stand¬ 
ard  Mining  (Company  at  Dividend,  Utah;  and  Park  (City 
(Consolidated  Mining  (Companv  at  Park  (City,  Utah. 

In  192.3,  Barney  w'ent  north  to  .Anyox,  British  Columbia, 
to  take  over  the  duties  of  general  superintendent  for  Cranbv 
(Consolidated  Mining,  Smelting  and  Power  Company.  Earlv 
in  1926,  he  went  to  Sante  Ee,  New  Mexici),  to  becinne  gen¬ 
eral  manager  for  .American  .Metal  (Company  of  New  .Mexico. 
While  in  New  .Mexico,  he  also  was  a  consulting  engineer 
for  Real  Del  .Monte  (Company  in  Mexico.  In  the  latter  part 
of  1926,  he  moved  to  Nevada  to  become  geiu'ral  superin¬ 
tendent  for  CoiKsolidated  (Coppermines  (Corporation  at  Kim¬ 
berly;  two  years  later  he  was  made  general  manager. 

In  1940,  Barney  acceph'd  the  position  of  general  man¬ 
ager  of  Bunker  Hill  and  Sullivan  .Mining  and  (Concentrating 
(Company  at  Kellogg,  Idaho.  In  1954,  he  was  elected  to  the 
presidency  of  the  company,  the  position  he  now  holds. 

Mr.  Haffner’s  other  business  a.ssociations  include:  presi¬ 
dent  of  Lead  Industries  .A.ssociation,  and  of  Silver  Mountain 
Lead  .Mines,  Inc.;  a  director  of  Sullivan  Mining  (Company, 
Pend  Oreille  .Mines  and  .Metals  (Company,  Heeves-.Mac- 
Donald  .Mines  Limited,  Metaline  (Contact  Mines  (Company, 
Silver  Ridge  Mines  (Company,  and  Idaho  Custer  .Mine.s,  Inc. 
He  is  a  former  president  and  a  member  of  the  Idaho  Min¬ 
ing  As.sociation.  He  is  a  former  director  and  a  member  of 
.A.l.M.PC.  He  is  a  membt'r  and  councilor  of  Mining  and 
.Metallurgical  Society  and  a  member  of  the  Northwest 
Mining  As.sociation. 

Barney’s  clubs  include  the  Spokane,  the  Spokane  (Country, 
the  Shrine,  Jester,  and  Red  (Cross  of  (Constantine. 

Julius  Bernhard  Haflner  married  Elorence  Loui.si*  Kinsey 
on  Eebrnary  8,  191.5,  in  Ray,  Arizona.  They  have  two  .sons, 
Bernard  Kinsey  and  Robert  lamis,  both  in  tlu‘  mining  field. 
.A  third  .son,  John  .Martin,  lost  his  life  in  the  South  Pacific 
during  World  War  11;  he  hail  ri.sen  from  an  Army  private 
to  a  major.  The  Haffner  home  is  at  160.3  East  Pinecre.st 
Road,  Spokane,  Washington. 

Barney’s  hobbies  are  golf,  hunting,  and  fishing.  He  in¬ 
dulges  his  love  of  fishing  at  least  once  a  year  in  joining  with 
friends  at  a  stag  outing  at  (Cowichan  Bay,  British  (Columbia, 
to  compete  for  the  honor  of  catching  the  biggi*st  coho 
salmon.  People  in  the  know  .say  that  Barney  is  a  tough 
competitor  in  these  fishing  contests,  as  he  is  in  eviTvthing 
lie  tackles. 


THE  EXPLOSIVES  ENGINEER  ★  DEVOTED  TO  INCREASING  EFFICIENCY  AND 
SAFETY  IN  THE  MINING,  QUARRYING,  AND  CONSTRUCTION  INDUSTRIES 
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C’wnatruetSon  Spearheads 
Beonomic  Activity 

H.  E.  t'anMnan,  iiiaiiagiiig  director  of  The  AsstK-iated 
(General  Contractors  of  America,  recently  reported  that 
c-omprehensive  surveys  indicate  the  dollar  volume  of  con¬ 
struction  work  put  in  place  in  1954  is  exp<*cted  to  set  an 
all-time  record  approaching  $.52  billion.  This  record  figure 
includes  more  than  <$<36  billion  in  new  construction  and 
more  than  $15  billion  in  maintenanc'e  and  repairs. 

If  this  forecast  is  realized,  the  overall  construction  volume 
for  1954  will  exceed  the  19<53  volume  by  3  or  4  per  cent. 
It  will  also  mark  the  ninth  con.seciitive  year  that  the  industry 
has  set  new  records. 

Becau.se  of  increasing  public  recognition  of  the  countrv’s 
iK'eds  for  adecjuate  higiiways,  the  largi^it  program  in  this 
category  in  the  history  of  the  nation  is  under  way.  The 
volume  of  work  for  this  type  of  construction  is  expected 
to  he  approximately  <$<3Ii  billion,  an  increase  of  at  least  1<5 
|M‘r  cent  over  the  volume  for  last  year. 

The  significant  factor  in  the  19<54  forecast  is  that  more 
than  one  dollar  in  every  seven  spent  for  cmkI  products  and 
services  is  being  spent  for  construction.  Also,  more  than  15 
per  cent  of  the  nation’s  full-time  ecjuivalent  employes  are 
receiving  their  livelih<M>d  directly  or  indirectly  through  con¬ 
struction  activities. 

An  early  survey  by  the  ACXJ  in  September,  c-overing 
124  of  its  liK-al  chapters,  indicates  many  contractors  are 
convinct'd  that  a  big  year  in  19<55  is  on  the  way. 

As  demand  pushes  the  volume  toward  another  all-time 
peak,  the  coirstruction  indu.stry  stands  out  as  the  brightest 
part  of  the  ec-onomic  picture. 

(Contractors  and  manufacturers  of  construction  eijuip- 
ment  aiul  materials  will  he  busier  than  ever  to  meet  the 
demands  of  this  gigantic  program. 

Tamp  Loaded  Drill  Holes  wi  tk 
Ineomkustikle  Slemminj^ 

To  safeguard  workmen  in  coal  mines  the  U.  S.  Bureau 
of  Mint's  conducts  various  tests  of  industrial  explosives  and 
blasting  devices  to  determine  whether  the  explosives  or  the 
devices  may  he  u.setl  with  .safety,  and  to  prescribe  the  con¬ 
ditions  under  which  they  should  he  used. 

The  rt'sults  of  these  ex|H*riments  show  that  two  conditions 
are  essential  to  the  .safe  and  permissible  use  of  explosives 
and  blasting  des  ices  in  coal  mint's;  first,  they  must  he  placed 
in  a  tlrill  hole  and  prt)perly  primt'd;  .st*cond,  after  a  charge  is 
loatietl  pro|>erly,  it  must  ht*  followed  with  adetpiate  inc'om- 


hustihle  stemming  material  tamped  firmly  to  the  collar  of 
the  drill  hole. 

Stemming  makes  blasting  operations  mt)re  efficient  by 
confining  the  forct's  released  by  the  blasting  action.  It  also 
prevents  a  hlown-out  shot,  with  the  attending  danger  of 
ignition  or  destructive  ricwheting. 

Ill  order  to  conform  with  the  conditions  of  permissibility 
as  established  by  the  U.  S.  Bureau  of  Mines,  all  permissible 
explosives  and  blasting  devic'es  fired  in  coal  mines  must  be 
adeijuately  confined  in  drill  holes  by  the  use  of  incombus¬ 
tible  stemming  material. 

Perfect  Safely  Records 

When  a  large  mine  or  (juarry  is  operated  for  a  year  with¬ 
out  a  lost-time  injury  the  (|uestion  is  often  a.sked:  “How  do 
they  do  it?”  A  common  assumption  is  that  a  perfect  safety 
record  can  be  made  only  by  utilizing  special  methods,  skills, 
or  knowledge.  But,  investigation  almost  always  leads  to  the 
same  discovery:  Safety  is  an  operating  problem. 

The  employment  of  safety  engineers,  accident-prevention 
campaigns,  and  mechanical  safeguards  —  all  accomplish 
wonders.  But,  until  every  supervisory  official  is  persuaded 
that  within  his  province  accident  prevention  is  his  personal 
responsibility,  improvement  will  be  limited.  Only  when 
every  official  and  every  employe  accepts  this  responsibilitv 
can  perfect  safetv  rt'corrls  be  made. 

American  IVfinln^  Oon^ress* 
Western  Meeting 

Some  7,(XX)  mining  men  from  all  parts  of  the  country  and 
many  foreign  lands  gathered  in  San  Francisco,  September 
20  through  24,  to  attend  the  19<54  .Metal  and  Nonmetallic 
Mining  (amvention  of  the  American  .Mining  Congress.  Both 
from  the  standpoint  of  attendance  and  interest,  it  was  the 
most  succt'ssful  convention  in  the  history  of  the  Western 
Division  of  the  (Congress. 

Prominent  leaders  in  Government  and  industry,  as  well 
as  technicians  and  production  men  in  the  mining  world, 
addres.sed  the  meetings  and  group  forums  in  the  Civic  Audi¬ 
torium  on  a  wide  range  of  subjects.  The  various  sessions 
provided  ample  opjxirtunity  for  discussions  of  the  more 
important  operating,  economic,  and  legislative  problems 
confronting  the  industry  tixlay. 

The  exhibit  of  mining  equipment  and  materials,  which 
c-omplemented  the  technical  phases  of  the  convention, 
pre.sented  a  armprehensive  display  of  the  latest  equipment 
and  products  of  more  than  1.50  manufacturers. 
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(.'OMPI.KTING  A  ROUND:  C^lose-up  of  a  face,  with  a  round  of  drill  holes  for  blastinK  almost  completed. 


POTASH 

IN  THE  CARLSBAD  BASIN 

From  an  acelJenta  I  Ji  seovery  in  1925,  th  e  production  of  potash 
i  n  N  e  w  M  eaico  has  heen  developed  and  eapanded 
into  a  $50-million  enterprise 

LEWIS  NORDYKK* 

STARTING  with  the  accidental  di.s-  the  young  industry  is  still  expanding.  change  from  a  (jiiarter  century  ago 
covery,  in  1925,  of  pink  deposits  Pre.sent  production  comes  clo.se  to  when  the  United  States  depended  on 
in  the  thick  .salt  beds  of  an  ancient  sea  being  a  surplus  under  existing  con-  imports  from  Ciermany. 

the  production  of  potash  near  Carls-  ditions.  Potash,  designated  as  KjO,  .More  than  90  per  cent  of  our  na- 

had.  New  Mexico,  has  become  one  of  got^s  into  innumerable  chemicals  and  tional  production  is  from  five  mines  in 

the  great  mining  enterprises  of  the  past  other  products,  but  its  principal  use  —  the  area  known  as  the  (Carlsbad  Basin. 

30  years  in  North  America.  In  that  about  95  per  cent  —  is  in  commercial  The.se  mines,  each  with  its  own  refin- 

span  of  time,  great  strides  have  been  fertilizer.  Because  of  drought  in  wide  ery,  are  operated  by  Potash  (aimpany 

made  in  the  development  of  mining  agricultural  regions  during  the  past  of  America,  International  Minerals  & 

and  refining  techniques.  The  annual  three  years  and  the  decrease  in  farm  Chemicals  (Corporation,  United  States 

domestic  output  has  jumped  from  income  from  the  postwar  bmim,  the  de-  Potash  (Company,  Dnval  Sulphur  & 

practically  nothing  to  just  under  two  mand  for  plant  f(K>d  has  stabilized.  Potash  (Company,  and  Southwest  Pot- 

million  tons  of  refined  potash.  .And,  Fortunately,  this  country,  for  the  first  ash  (Company  ( a  division  of  American 

*2809  Lii>scoinl)  Sf reef  time,  has  sufficient  home-mined  pota.sh  .Metals  (Company,  Lt<l. ).  Aside  from 

Amarillo,  Texas  to  meet  its  needs.  This  is  a  radical  this  basin,  the  only  potash  of  any 
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Jl’MHO  DKII.I.INGi  For  blastinK  the  ore  in  the  face,  a  mund  of  30  to  42  holes  is  drilled  9  ft.  deep  hy  the  operation  of  two  drills. 


LOADING  MINE  CARSi  Joy  shuttle  cars  haul  blasted  ore  from  underground  working  faces  to  a  loading  point  for  transfer  into  mine  cars. 
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MEASUREMENTS  ARE  FROM  CENTER  LINES-NOT  RIBS. 
DRILL  ALL  HOLES  TO  FULL  FINISHER. LENGTH. 

COLLAR  TOP  HOLES  IN  POTASH  AND  DRILL  AS  FLAT 
AS  POSSIBLE. 

‘  MAKE  CUT  HOLES  AS  STEEP  AS  POSSIBLE  AND  STILL 
BOTTOM  8-12"  ABOVE  THE  CUT. 


TYPK'AL  DRILL  KDUND:  The  above  ciiaKram  shows  the  hK'ation  of  blast  holes  in  a  stundar<l 
drill  round  in  a  22-ft.  face.  (Scale  —  1  in.  e<|iials  .'S  ft.) 


c-onsetjuenci*  in  the  .Americas  comes 
from  salt  lake  operations  at  Trona, 
CJalifornia,  and  Bonneville,  Utah. 

Potash  has  changed  Carlsbad  from 
a  tourist  town  on  the  banks  of  the 
Pecos  River,  near  the  portal  of  Carls¬ 
bad  Cavern,  into  a  lively  industrial 
center.  The  cavern  attracts  about  half 
a  million  tourists  a  year.  But  potash, 
the  biggest  mining  operation  in  New 
Mexitt),  is  a  $50  million-a-year  enter¬ 
prise,  which  furnishes  full-time  em¬ 
ployment  to  4,000  persons.  The  story 
of  the  potash  industry  around  Carlsbad 
is  that  of  a  highly  progressive  mining 
operation.  It  is  a  tribute  to  the  Amer¬ 
ican  way  of  life  —  free  enterprise  and 
venture  capital  —  and  the  kind  of  men 
the  .American  way  produces. 

Potash  Company  of  America 

The  biggest  producer  at  Chirlsbad  is 
Potash  (Company  of  America,  a  com¬ 
paratively  young  stalwart  known  more 
familiarly  as  PC'.A.  It  is  just  now  ap¬ 
proaching  its  twenty-first  birthday, 
having  started  to  turn  out  potash  in 
1934.  It  has  made  remarkable  stritles 
in  the  development  of  mining  methods, 
all  aimed  at  getting  more  and  more  ore 
out  of  the  ground  and  into  the  refinery. 

Despite  its  youth,  P('A  is  a  pioneer. 
The  aimpany  was  organized  in  Denver 
in  1930,  a  time  when  no  one  could  be 
positive  that  potash  could  be  made  to 
pay.  Moreover,  an  economic  depres- 
.sion  was  blighting  industry  nation¬ 
wide.  At  that  time.  United  States  Pot¬ 
ash  Company,  the  first  company  to 
start  operations  in  the  basin,  was  put¬ 
ting  down  a  shaft  in  an  area  where  vast 
deposits  had  been  located  by  core  drill¬ 
ing.  Likewi.se,  PC.A  found  extensive 
beds  in  the  salt  with  exploratory  drill¬ 
ing  in  the  fall  of  1931.  Its  first  shaft 
was  completed  in  the  spring  of  1933, 
and  the  production  of  ore  started.  The 
company  put  its  refinery  into  operation 
in  the  fall  of  1935.  Since  that  time,  the 
policy  of  the  organization  has  been  one 
of  progress  and  expansion. 

The  P(^A  mine  and  refinery  are  lo¬ 
cated  23  miles  northeast  of  C.arlsbad 
across  barren  terrain  that  certainly 
doesn’t  appear  to  be  productive  of  rich 
fertilizer  material.  Except  for  the  im¬ 
mediate  valley  of  the  Pecos,  where 
water  is  available  for  irrigation,  the 
drab,  hilly  countryside  is  covered  with 
.scrub  mescjuite.  .A  few  farms  are  scat¬ 


tered  about  the  area,  and  the  land  pro¬ 
duces  well  when  there  is  sufficient 
moisture.  The  rainfall,  at  best,  is  ex¬ 
tremely  light.  The  wind  sweeps  over 
the  rolling  hills  and  on  particularly 
gusty  days  in  springtime  it  picks  np 
fogs  of  grit  and  sand.  The  elevation 
is  3,250  ft.  above  sea  level;  the  slope  is 
gently  eastward  toward  Texas. 

Most  of  the  land  is  used  ff)r  grazing 
cattle  and,  for  the  most  part,  is  owne<l 
by  the  Federal  (Government  and  the 
.State  of  New  Mexico.  The  potash  com¬ 
panies  lease  their  properties,  and  Gov¬ 
ernment  land  regulations  limit  the 
number  of  acres  one  company  can  con¬ 
trol.  As  a  result,  no  one  company  can 


hoUl  tin*  entire  area  wh<*re  potash  de¬ 
posits  are  known  to  exist.  For  this  rea¬ 
son,  it  has  been  possible  for  new  oper¬ 
ators  to  come  into  the  basin,  and  more 
are  planning  to  start,  even  though  it 
recpiires  large  investments  of  money  to 
get  .set  np  for  the  mining  and  refining 
of  K,0. 

The  headframes  and  white-smoking 
stacks  of  the  potash  plants  extend  high 
up  into  the  sunny  sky,  giving  the  lift 
of  life  to  an  otluTwi.se  drab  landscape. 
Nevertheless,  the  area  is  pictnresfjiie 
and  has  the  feel  and  the  l^ssenc‘«•  of  the 
old  frontier  West  of  the  cowpf)ke  and 
the  longhorn. 

Potash  deposits  are,  on  tin*  average, 
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TIIK  KOTAKY  DUNfP:  At  the  shaft,  mine  cnrs  with  rotating  hitches  are  unloaded  hy  a  C.  S.  C'ard  rotary  dum|i.  The  dumping  deposits  the 
ore  onto  pan  conveyors  that  carry  it  to  a  36  hy  54-in.  single-roll  Jeffrey  primary  crusher. 


I, IKK)  ft.  down.  Tlt<*  Im‘c1s,  iisuully 
raiij'iiij'  from  3  to  12  ft.  in  thickne.ss, 
arc  in  solid  salt.  Kxccpt  for  the  potash, 
there  is  es.seiitially  no  difference  be¬ 
tween  a  |)otash  mine  and  a  salt  mine. 
However,  the  potash  and  the  rwk  salt, 
when  sawed  with  nndercutters  or 
l>last(*d  from  the  faces  with  explosives, 
j'ive  the  mine  the  appearance  of  a 
past(‘l-tint(‘d  world.  The  walls  of  the 
drifts  and  the  tunnels  sparkle  like  mil¬ 
lions  of  diamonds  when  the  beam  from 
a  miner’s  h(‘adlij'ht  strikes  tln‘m. 

(>arl.sbad  (.'avern,  some  .50  miles 
away,  is  considc*red  one  of  the  won¬ 
ders  of  the  world.  Hot  people  who  have 


been  in  the  cavern  and  in  the  potash 
mines  .say  that  the  man-made  burrows 
in  the  hard  salt  are  more  awesome  than 
the  great  bat  cave  which  was  hollowed 
out  bv  the  action  of  water  on  limestone. 

The  P('A  mine  has  more  than  .3(K) 
miles  of  tunnels.  The  company  uses 
the  r(K)m-and-pillar  system  of  mining, 
leaving  thick  pillars  to  support  the 
overburden.  Tlie  drifts  and  tunnels  are 
wide,  high,  and  drv  with  no  trickling 
water  and  no  fumes.  Tunnels  can  be 
blast(‘d  8  to  14  ft.  high  and  up  to  40 
ft.  wide  without  the  necessity  of  sup¬ 
porting  timbers.  This  is  because  the 
potash  ores  were  laid  down  in  .solid 


KI.KCTRK;  shop  IINDKRGROI'NH:  Blasting  is  controlled  from  this  electric  section  in 
P(!A's  underground  shops.  All  ordinary  maintenance  and  repairs  to  mining  equipment  are 
taken  care  of  in  fully  equipped  shops  in  the  mine. 


beds,  with  no  structural  faults  or  in¬ 
truded  boulders  to  cause  slips  or  caves. 

The  Mining  Area 

The  mining  area  is  a  checkerboard 
of  rectangular  mined-out  rooms  and  of 
pillars  of  ore  left  as  stipports.  Above 
the  pillars  lies  a  .solid  bed  of  rock  salt 
2(K)  to  7(K)  ft.  thick.  This,  too,  was  laid 
down  by  the  evaporating  seas  of 
ancient  times  in  a  .solid  unbroken  mass, 
and  the  great  bt*d  of  salt  acts  as  a  giant 
beam  to  support  the  roof  of  the  mine. 
As  a  result,  no  timbers  are  needed  to 
make  the  mine  safe,  although  limited 
roof  bolting  is  ust*d  in  some  places. 
There  has  bet'ii  no  threat  of  caving. 
The  tunnels,  rooms,  and  pillars  are  pre¬ 
cisely  engineered,  and  safety  is  em¬ 
phasized  in  every  operating  procedure. 
\  break,  if  one  should  occur,  could 
be  more  dangerous  than  the  average 
cave  in  a  mine.  .M)out  fKK)  ft.  above 
the  salt  is  a  veritable  (K-ean  of  water, 
which  has  caused  c-onsiderable  trouble 
in  the  sinking  of  shafts.  Shoidd  the 
overburden  ever  crack  sufficiently  to 
h*t  the  water  pour  in,  the  mine  con¬ 
ceivably  could  go  into  .solution  and  the 
re*c-overy  of  potash  would  be  a  thing 
of  the  past. 

■About  400  men  w'ork  underground 
in  the  prorluction  of  ore  in  the  PC^A 
w'orks.  The  mine  and  refinery  work  on 
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three  shifts,  startiiij^  at  7  a.m.  Largely 
through  the  efforts  of  Russell  G.  Ha¬ 
worth,  vice  president  in  charge  of  pro¬ 
duction,  PCA  has  developed  c-ontin- 
uous  mining  machines  which  bore  into 
the  ore  like  mechanical  moles.  How¬ 
ever,  the  largest  percentage  of  ore  pro¬ 
duction  is  obtained  from  blasting  the 
faces  with  industrial  explosives. 

P(.’A  uses  Sullivan  7B  and  10  RU 
and  Goodman  512  undercutters,  each 
with  a  9-ft.  cutter  bar.  The  10  RU  unit, 
known  as  the  universal  undercutter,  is 
mounted  on  rubber  and  is  self-pro¬ 
pelled.  The  Jindercutting  provides  a 
sec-ond  free  face  to  break  to  and  in¬ 
creases  the  amount  of  potash  that  can 
be  ptdled  pt‘r  round.  Two  Ghicago 
Pneumatic  drills  mounted  on  a  chassis 
make  what  PfJ.A  calls  a  Jnmbo.  With 
the  threader  bar  turning  at  520  r.p.m., 
a  drill  can  put  a  hole  into  the  salt  at 
the  rate  of  6.5  in.  a  minute.  The  double¬ 
twist  steel  is  Us-in.  auger-type  Kenna- 
metal.  D(‘tachable  tungsten  carbide 
bits  arc  1?»  in.  for  starting  to  drill  holes 
ajul  IX  in.  for  finishing.  The  finishing 
steel  is  10/2  ft.  long,  permitting  an 
angled  hole  to  be  drilled  9  ft.  deep  into 
the  face  bv  the  drills. 

Underground  Operations 

Pf/.'X  has  developed  its  own  system 
of  face  blasting,  particularly  as  to  the 
spacing  and  angle  of  the  drill  holes. 
In  marking  and  drilling  the  working 
faces,  the  miners  follow  the  potash 
beds,  anil  the  big  idfort  is  to  get  the 
potash  with  as  little  salt  as  possible. 
From  .30  to  42  holes  are  drilled  9  ft. 
deep  into  the  face  in  vertical  rows  of 
3  or  4,  depending  on  the  height  of  the 
face,  with  the  rows  spaced  about  40  in. 
apart  horizontally.  In  the  PC>A  pattern, 
the  points  of  the  holes  should  never  be 
over  4S  in.  apart. 

•After  a  round  has  been  drilled,  the 
holes  are  loaded  with  Hercomite®  4-X 
dynamite  packed  in  X  by  8-in.  Tamp- 
tite®  cartridges,  together  with  a 
primer  charge  of  Hercomite  •3-X  dyna¬ 
mite  in  1  bv  8-in.  cartridges.  The  ex¬ 
plosives  loading  ratio  is  1.2.5  to  1..50  lb. 
of  dynamite  to  a  ton  of  ore  in  place. 
Short-period  delay  electric  blasting 
caps  are  used  to  detonate  the  explo¬ 
sives  charges.  Blasting  circuits  are  pro¬ 
vided  for  each  si'ction  and  all  blasts  are 
fired  simultaneously  from  a  central 
switch  at  the  end  of  a  shift.  Results 


are  consistently  satisfactory  and  secon¬ 
dary  blasting  is  seldom  required. 

Two  types  of  automatic  Joy  loaders, 
11  RU  and  14  BU,  load  the  blasted  ore 
into  electrically  powered  rubber-tirt*tl 
Joy  shuttle  cars.  Each  car  hauls  5  tons 
to  the  loading  point  and  unloads  into 
rotary  dump-tvpe  rail  cars.  .\  train  of 
32  mine  cars  is  pulled  on  the  main  haul¬ 
age  line.  The  working  area  is  5lt  miles 
across.  In  one  of  the  mining  panels, 
PG.A  uses  two  .‘36-111.  conveyor  belts, 
each  7.50  ft.  long.  In  this  operation,  the 
ore  is  moved  to  the  belts  bv  shuttle  car 
and  conveyed  into  mine  cars  on  tracks. 

Westinghouse  12-ton  combination 
locomotives,  powered  bv  battery  or 
trolley,  are  used  on  the  gathering  lines. 
Westinghouse  tandems,  two  units  of  15 
tons  each,  do  the  heavy  work  on  the 
main  line  haulage.  .At  the  shaft,  the 
mine  cars  are  unloaded  by  a  (.].  S.  (’ard 
rotary  dump.  The  cars,  with  rotating 
hitches,  do  not  have  to  be  unhitched 
for  dumping.  The  dumping  is  onto  pan 
conveyors  that  carry  the  ore  to  a  ‘36  by 
.54-in.  single-roll  Jeffrey  primary 
crusher.  From  the  primary  crusher, 
the  ore  goes  into  bins.  Link-Belt  load¬ 
ers  move  it  to  a  .skip  which  lifts  it  to 


the  surface.  The  ore  is  transported  liy 
amveyor  into  gyratory  anil  hammer- 
mill-type  crushers  and  then  to  the  re¬ 
finery.  The  flotation  .system  is  u.seil 
in  .separating  the  potash  from  the  salt. 

The  end  proiluct,  almost  1(K)  j«*r 
ct'nt  pure  K^O,  is  shipped  to  fertilizer¬ 
mixing  plants  scattereil  over  the  na¬ 
tion.  .As  a  rule,  from  one  to  four  train¬ 
loads  of  it  roll  away  from  ('arl.sbad 
exerv  ilav  of  the  potash  yi*ar.  Most  of 
it  is  shipped  like  wheat  —  jnst  poured 
into  railroail  cars.  But  some  of  it  is 
packaged  in  lOO-lb.  bags.  Whether  in 
bulk  or  in  bag.s,  the  loading  is  auto¬ 
matic.  PCLA  has  a  gooil-sized  railroail 
yard  anil  empty  cars  are  rolleil  along¬ 
side  the  final  business  end  of  the  plant. 
The  potash  spouts  out  of  the  refinery 
into  the  freight  cars. 

The  tailings,  almost  pure  salt,  are 
ilumped  into  a  large,  shallow  pit.  The 
.^alt  has  no  commercial  value  at  pres¬ 
ent.  Freight  charges  to  any  point 
would  amount  to  more  than  the  low 
price  the  salt  woiilil  bring. 

The  Sante  Fe  Railroad  originates  the 
potash  freight  in  ('arlsbad,  being  the 
only  line  serving  the  city.  'Phis  railroad 
also  operates  a  23-mile  branch  from 


■SHIFT  C.‘IIA.\'GK:  At  shift-change  lime,  the  photoKrupher  twik  a  picture  of  some  PC,‘A  miners 
leaving  the  elevator  at  the  bottom  of  the  shaft  to  go  to  work  in  the  mines,  while  others,  coming 
off  shift,  wail  for  a  ride  to  the  surface. 
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(yarlshad  to  the  site  of  the  PCA  plant. 

The  administrative  offices  of  Potash 
Omipaiiy  of  America  are  at  the  mine 
and  plant  sit<*.  Its  engineers  and  op<*r- 
ating  officers  live  in  CJarlshad,  except 
(J.  K.  Bo<*tteher,  executive  committee 
chairman,  whose  home  is  in  Denver. 
C,.  K,  (^(M>p<-  is  president  of  the  com¬ 
pany;  Kred  Davis  is  vice  president  and 
tr€*asnrer;  Hii.ss4‘ll  G.  Haworth  is  vice 
president  and  r<*sident  manager  in 
charge  of  production;  U.  T.  (diapman 
is  assistant  resident  manager;  and  Koy 
Blackmati,  an  attorney,  is  the  indus¬ 
trial  relations  superintendent.  The 
supervisory  p<*rsonneI  includes  Hay  R. 
Knill,  mine  superintendent;  K.  C. 
Jonrdan,  mine  engineer;  Neal  jnhola, 
g<*neral  nndergronnd  foreman;  and 
T.  L.  (Jarey,  staff  engineer. 

These  men  and  th«*ir  contemporaries 
in  the  (Carlsbad  Basin  have  developed 
mining  and  r(‘fining  methods  and  tech- 
nicjiies  which  have  increased  produc¬ 
tion  hy  vast  figures.  They  have  also 
made  tlu*  mining  of  potash  one  of  the 
cleanest  and  safest  of  nndergronnd 
o|H‘rations.  A  visitor  can  make  a  long 
tour  through  the  mine  and  through  tin* 
ernshing,  washing,  flotation,  dryitig, 
and  loading  divisions  without  soiling 
his  cIoth(‘s.  Volumes  of  fr<‘sh  air  are 
pumped  from  the  surface  into  the  P(;A 
miiu*  and  pressnretl  into  every  nook 
and  cranny  of  the  working  areas.  The 
operating  areas  are  free  from  noxious 
gases  and  explosive  dusts.  The  temper¬ 
ature  is  a  c-on.stant  74  degrees. 


Fresh  Air  a  Problem 

The  circulation  of  fresh  air  led  to  one 
of  the  biggest  problems  K>A  has  fac-ed. 
In  order  to  carry  air  to  every  part  of 
the  mine  effectively,  P(>A  lutxled  a 
.second  shaft.  Also,  a  second  opening 
was  essential  to  faster  operations  all 
around. 

In  sinking  this  shaft,  Winston 
Brf)thers  (Company,  the  c-ontractor  on 
the  job,  encountered  water  lying  abf)ve 
the  salt  bed.  The  water  gushed  in, 
work  had  to  Ih'  stopped,  and  resort  to 
the  usual  methods  failed  to  control  the 
flow.  P(>A’s  \'ice  President  Hnssell  G. 
Haworth  hurried  off  to  England, 
France,  and  Belgium  where  he  investi¬ 
gated  shafts  that  had  lH*en  sunk  by  a 
system  of  freezing  nndergronnd  water. 
Although  this  method  had  been  used 
in  (Germany  before  the  turn  of  the  c’en- 
tury,  it  had  not  bt*t*n  tried  at  any  im- 
pf>rtant  shaft-sinking  projects  in  the 
Ihiited  States. 

When  Haworth  returned,  plans  for 
freezing  the  water  were  worked  out 
hy  engineers  of  P(JA  and  Winston 
Brothers.  All  of  the  European  shafts 
that  had  been  sunk  r)y  the  freezing 
method  had  been  lined  with  heavy  iron 
pipe.  Blit  P(>’.A  decided  to  n.se  rtan- 
forced  concrete  instead  of  pipe,  and  it 
worked. 

The  freezing  of  the  water  was  ac¬ 
complished  by  drilling  30  holes  around 
the  circumference  of  the  shaft  down 
to  the  water  .strata  and  then  pumping 
refrigerant  into  the  trouble  zone.  After 


CHIEF  ADMINISTRATIVE  OFFICER: 
The  Potash  C^ompany  of  America’s  president 
and  chief  administrative  officer  is  George 
Frederick  Coope. 

the  water  was  frozen,  it  was  relatively 
easy  to  continue  the  shaft-sinking  oper¬ 
ations  and  to  complete  the  job  suc¬ 
cessfully. 

P(>’A  maintains  mechanical  and  elec¬ 
trical  r(*pair  shops  nndergronnd  in  the 
mine  and  on  the  surface.  The  nnder¬ 
gronnd  unit  takes  care  of  all  ordinary 
repairs  on  mining  etpiipment,  and  only 
jobs  that  retjiiire  major  reconditioning 
are  taken  above  ground  to  the  large, 
fully  etjnipped  machine  shop.  All 
power  within  the  mine  is  electrical. 
Some  potash  operators  in  tlu‘  area  have 
sncceed<‘d  in  using  a  limited  nninber  of 
diesel  units  imdergronnd  by  scrubbing 
the  exhaust,  but  P(]A  has  not  tried  this. 
P(>.\  generates  most  of  its  power  but, 
recently,  it  tied  into  the  lines  of  South¬ 
western  Public  Service  ('ompany  for 
additional  current. 

The  Storage  Problem 

Within  the  past  year,  P(LA  faced  a 
brand-new  problem  —  storage.  In  its 
early  years,  during  VV'orld  War  II,  and 
in  the  postwar  expansion  of  agricul¬ 
ture,  Pf.’.A’s  big  job  was  to  trv  to  keep 
abreast  of  the  growing  demand  for 
potash.  Every  ton  that  came  out  of 
the  refinery  went  diri*ct  into  rail  cars 
for  shipiiKMit  to  fill  standing  orders. 

In  those  days  potash  was  relatively 
scarce,  and  fertilizer  dealers  bought 
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and  stockt'il  it  throughout  the  year  to 
insure  having  adecjuate  supplies.  Now, 
with  plenty  of  potash  available,  the 
fertilizer  trade  has  adopted  a  seasonal 
pattern  of  buying  in  the  late  winter  and 
early  spring  months.  This  has  had  con¬ 
siderable  effect  on  the  potash  opera¬ 
tions  in  the  (airlshad  Basin.  The  Feb¬ 
ruary  1  to  May  31  period  is  the  heavy¬ 
shipping  season.  From  June  1  to  Feh- 
ruarv  1,  a  substantial  percentage  of 
production  goes  into  storage. 

This  changed  buying  practice  has 
re(juired  the  construction  of  additional 
storage  facilities  to  carry  the  heavier 
inventories,  and  all  of  the  producing 
companies  have  had  to  expand  ware¬ 
house  space.  The  combined  cost  of 
these  additional  storage  warehouses 
has  run  into  .several  millions  of  dollars. 
Naturally,  the  use  of  these  new  storage 
facilities  recjuires  more  handling, 
which  increases  overall  costs. 

The  new  order  of  things  has  brought 
about  a  changed  picture  from  that  of 
not  many  years  ago.  The  problem  then 
was  to  obtain  an  adtHjuate  supply  of 
potash  at  a  price  that  was  not  prohibi¬ 
tive.  This  situation  had  existed  from 
colonial  days  when  potash  was  pro¬ 
duced  from  wood  ashes.  As  the  East¬ 
ern  forests  were  cut,  this  .source  of  sup¬ 
ply  was  reduced.  The  discovery  of 
potash  in  (Germany  in  1843  (from  de¬ 
posits  laid  down  at  the  same  time  as 
those  in  the  (Carlsbad  Basin),  and  the 
development  of  the  industry  by  1861, 


put  an  end  to  the  wood  ash  business 
as  a  major  enterpri.se  in  the  Unit<tl 
States. 

The  CJerman  potash  industry  was  the 
sole  .source  of  supply  for  American 
agriculture  and  industry  up  to  the  out¬ 
break  of  World  War  1.  This  country’s 
complete  dependence  on  Ciermany 
was  brought  home  with  a  wallop  in 
1910,  when,  as  a  result  of  the  reorgan¬ 
ization  of  the  Cierman  potash  industry, 
favorable  contracts  held  by  American 
importing  concerns  were  cancelled. 
The  raising  of  prices  by  the  (German 
cartel  led  (Congress,  in  1911,  to  appro¬ 
priate  money  for  the  Agriculture  and 
Interior  Departments  to  investigate 
possible  potash  sources  in  this  country. 
However,  imports  continued  until 
1914,  when  the  outbreak  of  war  cut 
off  supplies  and  American  agriculture 
was  left  without  this  necessary  plant 
food. 

The  United  States  resorted  to  a  mul¬ 
titude  of  expensive  .sources,  such  as 
brine  lakes,  distillery  wastes.  Hue  du.st, 
and  seaweeds.  The  price  zoomed  from 
$35  a  ton  to  $.500.  When  the  war  ended 
and  German  potash  again  came  to 
America,  the  great  majority  of  the  128 
producing  units  that  had  been  devel¬ 
oped  ceased  operations.  They  c“ould 
not  compete  with  the  lowrT  priced  im¬ 
ported  product. 

But  the  war-time  .shortage  had  bt'eii 
almost  tragic  and  some  people  refusetl 
to  forget  the  les.son  from  the  war.  They 


insisted  that  safety  for  this  country  as 
far  as  potash  was  coiicerneil  could  lit* 
only  in  the  tli.scox  erv  and  the  distribu¬ 
tion  of  low-c-ost  .\mericau  supplies. 

Exploratory  c*ore  drilling  was  carried 
on  by  the  United  States  Geological 
Survey  in  widely  scattered  parts  of  the 
country,  but  the  first  c-ommercial  de¬ 
posit  was  di.scovered  (juite  unexpect¬ 
edly  by  private  interests. 

Accidental  Discovery 

In  192.5,  the  Snowden  &  McSweeney 
(.ompany  was  drilling  a  wildcat  well 
in  search  of  oil  2.5  miles  northeast  of 
(Carlsbad.  Strange-looking  stuff  came 
out  in  the  slush  from  the  drilling  oper¬ 
ations.  Tested,  it  proved  to  be  potash. 
The  try  for  oil  failed,  but  Snowden  & 
McSweeney  became  the  United  States 
Potash  ('ompany,  which  started  core 
drilling.  This  exploration  establi.shed 
that  there  were  tleposits  of  sufficient 
promise  to  warrant  the  sinking  of  a 
shaft.  The  principal  potash-bearing 
material  found  was  sylvite,  a  mixture 
of  pota.s.sium  chloride  and  sodium 
chloride,  containing  from  21  to  25  per 
cent  Ki.O. 

When  U.  S.  Pota.sh  started  sinking 
its  shaft,  the  .stock  market  had  crasht'd 
and  the  economy  of  the  c*ountry  was 
in  a  tail  .spin.  Before  that  first  venture 
coultl  be  proved,  Pota.sh  (a)mpany  of 
•America  was  organized  to  find,  mine, 
and  refine  pota.sh. 

(('ontiinu'd  on  page  1.5.5) 


RF'FINKKY:  After  the  ore  is  lifted  to  the  surface  in  a  skip,  it  is  moved  on  a  conveyor  to  gyratory  and  haminermill-type  crushers,  and 
to  the  refinery.  In  the  refinery,  the  flotation  system  separates  the  potash  from  the  salt. 
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QUARRY  BLASTING 

WitK  SKort-Period  Delay  Det  onators 

li)»tensSve  ewperSments  show  that,  in  mf»8t  eases,  quarry  hi  asts  fired 
with  sh  ort-period  delay  detonators  result  in  more  effective 
fragmentation  and  appreeia  hly  I  ess  vibration 


Aktkh  sl«)it-|n*ri()(l  dflay  detonators 
,  were  iiitroduci’d  in  (jiiarrv  blast¬ 
ing  about  194b,  it  btvaiiu*  apparent 
that  a  j'iven  total  amount  of  explosives 
detonated  in  this  manner  often  caused 
appreciably  less  vibration.  In  addition, 
the  new  method  often  produced  more 
effective  fraj'iiM'utation  as  compared 

'Cliairinaii,  l)ivisi«>ii  of  (a-o- 
loKical  SeieiK-t’s,  llar\’artl 
I'nivorsity,  C'amhridgr  .'W,  Mass. 


L.  DON  LKET* 


with  a  blast  fired  with  the  same  amount 
of  explosives  detonated  instantan(‘- 
ously.  However,  the.se  results  were  not 
invarial)ly  attained  and  much  work  has 
been  done  in  the  intervening  years  by 
technical  representatives  of  explosives 
manufacturers,  seismologists,  and 
(juarry  operators  to  determine  the  con¬ 
trolling  factors.  These  factors  include 
type  of  hole,  amount  of  explosives  per 
hole  or  delay  intc*rval,  burden  and 


spacing,  number  of  delay  detonators 
ustxl,  order  of  firing,  explosives  loading 
ratio  or  powder  factor,  and  a  number 
of  other  variables. 

Capacity  of  Vibrations 
For  Causing  Damage 

.Seismographic  measurements  of  the 
vibrations  produced  by  this  method  of 
blasting  have  proved  to  be  the  most 
effective  clu*ck  on  tiu*  results  of  experi- 
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im'iitatioii.  The  iiitiM'pictatioii  of  such 
measurements  has  involved  investiga¬ 
tion  of  features  of  vilmitions  that  give 
a  direct  measure  of  the  capacity  of  the 
vibrations  for  damaging  structures  or 
structural  materials. 

Kdward  H.  Rockwell,  a  pioneer  in 
the  seismographic  study  of  vibrations 
from  blasting,  pointed  out  that  the 
essential  feature  for  determining  the 
capacity  for  doing  damage  is  the  ki¬ 
netic  energy,'  which  is  proportional  to 
f-A*’,  where  f  is  frecjuency  and  A  is 
amplitude.  This  is  the  same  as  saving 
kinetic  energy,  or  capacity  for  doing 
work,  is  proportional  to  v-,  where  v  is 
the  velocity  with  which  the  vibration 
moves  a  structure. 

To  illustrate  the  value  of  kinetic 
energy  in  contrast  to  acceleration  as 
an  indicator  of  damage  capacity,  Rock¬ 
well  compared  the  effects  on  a  house 
computed  for  vibrations  from  a  dyna¬ 
mite  blast  and  vibrations  from  an  earth- 
(juake,  where  computed  acceleration  in 
each  ca.se  was  0.3  g.  ( three-tenths  the 
acceleration  produced  by  gravity ) .  Ki¬ 
netic  energy  from  the  dynamite  blast 
was  67  in.  11).  and  from  the  eartfujuake 
15,1(K)  in.  lb.  Displacement  from  the 
blast  was  0.(K)9  in.,  but  from  the  earth- 
({uake  vibrations  it  was  2.03  in.  The 
earthcjuake  caused  damage,  but  the 
vibrations  from  the  dynamite  blast  did 
not  cause  any  damage. 

F.  J.  Oandell-  followed  this  line  of 
rea.soning  in  establishing  a  (juantity  he 
called  energy  ratio,  E.  R.,  also  propor¬ 
tional  to  kinetic  energy,  hence  to  v*. 
E.  R.  =  a*  f-  where  a  is  acceleration  in 
ft.  sec.*  and  f  is  fretjuency  in  cycles 
.sec.  If  measurements  are  made  on  a 
seismograph  which  records  displace¬ 
ment,  such  as  the  Leet  portable  three- 
component  unit,  a  convenient  expres¬ 
sion  for  energy  ratio  is  E.  R.  =  10.8 
f-A%  where  A  is  amplitude  in  inches. 

(.’randell  took  the  essential  step  of 
establishing  limits  for  the  value  of  E.  R. 
ba.sed  on  actual  experiment.  He  con¬ 
cluded,  “.An  investigation  of  over  1,(XK) 
residential  homes,  stores  of  two  stories 
in  height,  .some  schools,  churches,  and 
ho.spitals,  which  were  investigated  be- 

’ Edward  H.  R«K-kwfll,  "V'ihrations  C'aiiscd  h^ 
Bla.stiriK  and  Tlu-ir  Effect  on  Stnictiin-s,  ’ 
69  pp.,  Hercules  I’owder  Company,  VVil- 
ininKton,  I3elaware.  19.'M. 

-F.  J.  Crandell,  “Ground  V'ihration  Dm-  to 
Hlastin);  and  Its  Effect  Ui)on  Structures," 
Jour.  Boston  Soc.  Civ.  Enurs.,  222-245,  Apr., 
1949. 
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FIGURE  I;  Combinations  of  frequency  and  amplitude  which  priuluce  an  euerKy  ratio  of  3, 
and  the  allowable  limits  of  vibration  in  the  State  of  New  Jersey.  The  dots  represent  typical 
observations  from  commercial  blasting  operations. 


fore  the  disturbance  or  vibration  oc¬ 
curred  and  after  the  vibration  oc¬ 
curred,  shows  that  if  the  energy  ratio 
is  kept  below  3  there  will  not  be  dam¬ 
age  to  buildings  of  average  workman¬ 
ship  and  good  materials.”  Some  old, 
prestressed  structures  may  be  sub¬ 
jected  to  minor  damage  if  the  energy 
ratio  exceeds  3.  If  it  exceeds  6,  dam¬ 
age  may  be  expected  in  any  structure. 

Figure  1  shows  the  combinations  of 
frecjuency  and  amplitude  which  pro¬ 


duce  an  energy  ratio  of  3.  Also  plotted 
on  it  is  a  line  representing  allowable 
limits  of  vibration  in  the  State  of  New 
Jersey,  A  few  poitits  repre.senting 
actual  ob.servations  are  added  to  show 
how  far  the  great  majority  of  vibra¬ 
tions  from  comnn'rcial  bla.sting  oper¬ 
ations  fall  below  the  amounts  neces¬ 
sary  to  present  any  hazard  of  struc¬ 
tural  damage.  These  points  on  Figure 
I  are  fairly  representative  of  thousands 
of  ob.servations  througbout  the  country 


FIGl'RE  2:  Accelerutionii  recorded  4(M)  ft.  from  a  five-hole  blast  in  which  each  hole  was 
detonated  0.02.5  sec.  after  the  one  before  it.  The  greatest  force  which  went  into  the  formation 
of  vibrations  was  that  applied  by  the  explosives  detonated  by  a  single  delay  interval. 
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FK.UKK  3:  Thik  i»  a  record  of  vibrations  fn>m  a  coyote  tunnel  blast  fired  with  instantaneous 
detonators  as  compared  with  the  vibrations  from  a  greater  total  amount  of  explosives  distributed 
anMiiig  20  well -drill  holes,  9  in.  in  diameter,  fired  with  0.026-sec.  delay  between  holes.  Recorded 
on  a  I.eet  seismograph  by  Ranald  Jones. 


1 


2  M«iB.  Ko4  450  tb. 


M  I  M  M  i-i  .1  I  M  I'lt  J,  l.il.l  I.  I  1 .1  ,|f1 


KKiURK.  4;  Records  for  i.ines  1,  2,  and  3  in  Table  I,  as  recorded  on  a  I.eet  seismograph 

by  J.  Birch. 


\ty  speciali-sts  in  the  .study  of  vibrations. 

Well-drill  Delay  Firing  — 
.Vfechanism  of  Reduction  of  Vibration 

From  the  beginning  of  these  investi¬ 
gations,  it  was  apparent  that  the  ulti¬ 
mate  realization  of  the  full  potential¬ 
ities  of  short-period  delay  firing  would 
be  po.ssible  only  when  a  complete 
explanation  coidd  be  found  for  the 
mechanism  by  which  breakage  was  im¬ 
proved  and  vibrations  at  distant  points 
were  reduced.  Important  clues  to  this 
explanation  have  been  developed  from 
recent  practical  developments  in  this 
field. 

One  line  of  evidence  has  come  from 
the  recxjrds  of  seismographic  instru¬ 
ments  that  measure  acceleration  di¬ 
rectly.  These  records  supply  details  in 
the  vibration  picture  close  to  (juarry 
blasts.  Figure  2  shows  such  a  record 
obtained  by  Crandell.  This  was  taken 
approximately  4(K)  ft.  from  a  five-hole 
blast  in  which  the  explosives  charge  in 
each  hole  wiis  detonated  0.025  sec. 
after  the  one  before  it  was  fired.  It 
shows  the  acceleration  produced  by 
each  hole  as  a  separate  event,  indi¬ 
cating  that  the  greatest  forc'e  (force 
(‘(juals  mass  times  acceleration)  de- 
vottn:!  to  generating  vibrations  at  any 
instant  was  that  developed  by  the 
explc  :ives  in  a  single  hole.  The  ground 
moti'  1  sm(K)ths  out  very  (juickly  into 
more  regular,  rhythmic  oscillations, 
but  it  never  exceeds  in  amount  a  maxi¬ 
mum  that  is  produtvd  by  the  explosive 
energy  of  a  single-delay  firing  interval. 

Obviously  there  must  be  a  delay  in¬ 
terval  tiH)  short  to  accomplish  such 
separation  in  the  application  of  impact 
to  the  ground  for  creating  vibrations. 
Figure  2  shows  the  results  of  an  inter¬ 
val  of  0.025  .sec.  with  a  hole  spacing 
of  22  ft.  A  blast  fired  with  instantane¬ 
ous  detonators  would  be  the  other  ex¬ 
treme.  At  present,  we  cannot  say  at 
just  what  point  between  these  two  lies 
an  interval  t(K)  short  to  produce  sig¬ 
nificant  benefits  from  short-period  de¬ 
lay  firing.  It  seems  highly  probable 
that  0.(K).5  sec.  is  too  short,  and  0.010 
.sec.  may  be,  but  this  has  not  been  dem¬ 
onstrated  conclusively.  One  (juarry 
operator  who  conducted  an  extensive 
series  of  tests  to  determine  the  opti¬ 
mum  firing  interval  for  his  (juarry  twi- 
cluded  that  it  was  between  0.0.35  sec. 
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FIGUKF  7:  Records  for  Lines  10,  11,  and  12  in  Table  1,  as  recorded  FIGl'KF'  8:  Records  for  Lines  1.3,  14,  and  1.3  in  Table  I,  recorded 

on  a  Leet  seismoKraph  by  R.  Kirpa,  F.  WiMKlrutf,  and  J.  Birch.  on  a  l.eet  si‘isinoKraph  by  R.  Kirpa  and  J.  Hirch. 
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and  0.()4<)  wc.  In  j'riicral,  cxprrirncc 
serins  tn  indicate  that  a  delav  of  ap- 
proxiniatelv  O.tHtl  sec.  per  hnit  of  spac¬ 
ing  is  not  far  from  the  )>est  tor  many 
quarries  iisinj'  well-drill  blast  holes.  As 
a  practical  matti'r,  a  dt-lay  interval  of 
0.t)25  sec.  seems  to  he  very  effective  tor 
spacin^s  in  the*  vicinity  of  20  ft. 

This  observation  of  the  vihration- 
j'enerating  impact  from  each  delay  in¬ 
terval  as  a  s<*parate  event  confirms 
part  of  one  earlier  theory  as  to  the 
mechanism  by  which  short-period  de¬ 
lay  detonators  reduce  vibrations.  It 
show's  that  the  diflerences  from  firing' 
with  instantaneous  detonators  are  in¬ 
troduced  at  the  source  and  do  not  re¬ 
sult  from  the  interferenc-e  and  cancel¬ 
lation  of  waves  after  they  are  j'<*n- 
erated. 

(;n-at(T  breakaj^e  from  blasting  with 
short-period  delay  detonators  has  been 
explained  in  part  by  recent  high-.speed 
motion  pictures  of  tht'  fracturing  of 
rock  by  dynamite.  These  pictiir<*s  show 
that  riiptnri*  may  be  initiated  in  a  few 
millisi'eonds  but  not  completed  for  sev¬ 
eral  hnndred  milliseconds.  The  step- 
by-step  releasi*  of  (‘xplosion  gases  al¬ 
lows  initial  fractures  caused  by  tlu* 
gases  of  one  hole  to  be  extended  and 
new  ones  dev(*loped  bv  gases  from  a 
succeeding  hole. 

A  general  principle  of  importance  is 
that  vibrations  are  waste  by-products 
of  the  blasting  operation.  When  ex¬ 
plosive  energy  has  been  applied  most 
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Kecords  for  I.ine.s  10  and  17  in  Table  I,  as  recorded  on  a  lafet  seismograph 
by  K.  Kirpa  and  J.  Birch. 


R«»ultant  —  rssT 


Uwg.  =  0.002  ot  n.l  C.P.S. 


Van.  =  0.0015  at  11.1  C.P.S. 


Tran*.  =  0.002  at  11.1  C.P.S. 


t'fficientlv  to  its  job  of  breaking  rock, 
vibrations  are  smallest.  By  the  same 
token,  if  vibrations  are  large  the  explo¬ 
sive  energy  has  not  been  emploved 
with  maximum  efficiency. 


Well-drill  Delay  Firing  — 
(.'ontrast  with  Coyote  Tunnel 


.Although  it  has  been  well  e.stab- 
lished  that  firing  bla.sts  with  delay  de¬ 
tonators  reduces  the  vibrations  gen¬ 
erated  by  a  given  total  amount  of  ex- 


TABLK  I 

F.KFKCTS  OF  INCKKASINCi  NUMBKB  OF  WKI.L  IIOI.ES 
(Ki'cnrds  in  Figures  4-9) 


JAuf 

Fig. 

No. 

UolcH 

Mux.  Ih. 

IH’f  hole 

Powder 

Factor 

lotis/lh. 

Distance 

ft. 

Max.  Resultant 
Displacement 
in. 

1 

4 

1 

92.') 

5.0 

784 
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7 

775 

5.00 

784 
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plosives,  the  spectacular  extent  to 
which  this  can  be  true  is  not  always 
realized.  Figure  3  shows  an  example 
of  this.  Blasts  containing  comparable 
amounts  of  total  explosives  were  fired 
in  the  same  (jiiarry  and  recorded  at 
the  same  location.  Tlu‘  top  record  in 
Figure  3  shows  displacements  from 
instantaiu'ous  detonation  in  a  tunnel 
blast,  and  the  bottom  rword  shows  dis¬ 
placements  from  the  firing  of  explo¬ 
sives  distributed  among  20  holes  9  in. 
in  diameter,  detonated  in  se(juence 
with  ().026-sec.  delay  between  holes. 
In  the  tunnel  blast,  the  detonation  of 
41,42.5  lb.  of  explosives  caused  a  inaxi- 
nimn  resultant  displacement  of  0.0317 
in.  In  the  well-drill  blast,  the  firing  of 
44,434  11).  of  explosives  caused  a  inaxi- 
mnm  resultant  displacement  of  0.(K)21 
in.,  less  than  7  per  cent  of  the  tunners. 


Well-drill  Delay  Firing 
Optimum  Number  of  Holes 

For  reasons  that  are  not  entirely 
clear,  the  effectivene.ss  of  dt'lay  firing 
in  reducing  vibration  and  increasing 
efficiency  seems  at  times  to  be  greatest 
for  blasts  of  a  certain  optimum  number 
of  holes.  As  would  be  expected,  the 
maximum  explosives  fired  on  a  single 
delay  interval  is  a  factor  but  there  is 
some  unexplained  effect  in  addition  to 
this.  Usually,  there  are  so  many  vari¬ 
ables  involved  that  it  is  difficult  to  iso¬ 
late  this  effect  clearly,  but  the  data 
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0.0 


1 .0  second 


W«II  Hoi«  eiQ»t  -  52J00  lb.  -4-12  in.  and  6-9  in.  Holat 


M  K  0.  =  0  0021  in 


W«II  Hot«  blast  -  40.000  lb.  -  1 1-9  in.  Holas 


M.R  0.  =  0.0107  in. 


FIC.UKK  10;  C.'omparison  of  ten-hole,  eleven-hole,  unci  two-hole  delay  hlast.s,  as  recorded 
on  a  Leet  seismoKruph  by  Ranald  Jones.  M.R.D.  =  maximum  resultant  displacement. 


suminari/ed  in  Table  I  illustrate  some 
of  the  features  of  the  problem. 

The  data  shown  iti  Table  I  repre¬ 
sent  a  systematic  attempt  to  deter¬ 
mine  the  optimum  mnnher  of  holes  at 
a  (jnarry  where  blasting  was  for  awhile 
limited  to  one  hole  at  a  time  because 
of  vibration  complaints  and  a  general 
recpiest  by  local  officials  to  “cut  down 
on  the  sh<K)ting.” 

Line  1  gives  data  typical  of  the  one- 
hole  blasting.  Line  .3  shows  es.sentially 
similar  displacements  at  a  comparable 
distance  from  a  two-hole  delayed  blast 
with  a  maximum  of  IKK)  Ih.  of  dvna- 
mite  in  one  hole  as  contrasted  with  a 
blast  of  92.5  Ih.  in  the  single  hole. 

Lines  6  and  7  represent  records  at 
two  distances  from  one  blast.  By  inter¬ 
polation,  the  displacement  was  0.(K).5() 
in.  at  784  ft.  If  the  motion  were  di¬ 
rectly  proportional  to  the  maximum 
explosives  per  hole,  this  would  have 
been  ().(K)6()  in.  for  the  92.5  Ih.  of  Line  1. 


.Similar  computations  for  the  five- 
hole  blast  in  Lines  11  and  12  show  that 
it  represents  ().(X)62  in.  at  784  ft.  for  a 
maximnm  of  92.5  Ih.  of  dynamite  per 
hole,  as  compared  with  the*  ().(KK)4  in. 
of  Line  1. 

Therefore,  from  one-hole  through 
five-hole  blasts,  delay  firing  was,  in 
effect,  producing  an  amount  of  vibra¬ 
tion  not  significantly  different  from  the 


amount  to  he  expected  from  the  most 
heavily  loadc’d  hole  firc'd  alone*. 

Line's  lb  and  17  ri‘pre*sent  seye'ii-heele 
blasts  that  are  in  striking  ceintrast  with 
each  other  and  with  all  eether  blasts  e)f 
the  series.  Line  16  represents  me)tie)n 
that  would  have  been  alnnit  0.0102  in. 
at  784  ft.  with  a  maximum  e)f  92.5  Ih. 
e)f  dynamite  in  eene  hole.  This  is  the 
largest  me)tie)n  e)f  the  .series.  The  mo¬ 
tion  e)f  Line  17  weeidd  haye  been  0.(K)38 
in.  at  784  ft.  feer  92.5  lb.  maximum  in 
e)ne  he)le.  This  is  the  smalle.st  me)tie>n 
e)f  the  .serit*s,  by  a  significant  margin. 

One  difference  bt'tween  the  blasts  in 
Lines  16  and  17  was  the*  powder  factor. 
But  there  wi*re  other  blasts,  such  as 
the  one  in  Lines  8  and  9,  where  a  pow¬ 
der  factor  similar  to  that  of  Line  17 
did  not  prevent  development  of  rela¬ 
tively  large  vibrations.  For  some  nn- 
explaim‘d  reason  or  r(‘a.sons,  tht*  blast 
in  Line  17  was  strikingly  the  most  ef¬ 
ficient  of  the  series.  Inspection  of  the 
character  of  the  vibratory  motion  for 
Lines  16  ami  17,  shown  on  Figure  9, 
suggests  the  possibility  that  .some  of 
the  holes  for  the  blast  in  Line  16  got 
“into  step,”  although  the  delay  interval 
and  spacing  were  presumably  tlu*  same 
as  for  the  bla.st  in  Line  17.  If  this  did 
happen,  the  effective  maximnm  explo¬ 
sive  per  delay  int<*rval  would  have 
been  increa.sed. 

Figure  10  .shows  three  records  taken 
at  another  (juarry  for  the  purpose  of 
investigating  this  matter  of  optimum 
number  of  holes  and  the  powder  factor. 
.-Xt  this  (jnarry,  blasts  were  once  limited 
to  two  holes  each  on  the  theory  that 
this  would  minimi/(‘  vibrations,  doing 
from  two  holes  and  a  total  of  8,62.5 
lb.  of  dynamite  to  1 1  holes  and  a  total 
of  4(),(XX)  11).  of  dynamite  reduced  the 
maximnm  resultant  displacenu'iit 
(('ontiniu'd  on  |>age  1.54) 


TABI-E  II 

DATA  FOR  BI.A.ST.S  II.I.USTRATKD  I.N  FIGURE  II 


Blast 

Location 

No. 

Holes 

Total 

Exiilosit  es  ,, 

Ih.  Ihhiys 

f 

A 

in. 

K.H. 

Top 

Top  of 

fil 

1,8.50  8 

5 

0.(K)76 

0.016 

Rfcord 

F'acc 

7.5 

0.(K)4 1 

1.215 

Distance  to  sc-ismoKraph, 

250  ft. 

Bottom 

120  to 

67 

2,1(K)  8 

6 

0.(K)6) 

0.016 

Rrcord 

14-4  ft. 

In-Iow  top 
of  fac-«‘ 

Vi 

O.tKMO 

0.215 

Distancf  to  M-isnioKrapli,  2(H)  it. 
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FI(>URK;  11:  Records  for  data  in  Table  11,  as  recorded  on  a  I^et  seismograph  by  Philip  Berger, 


longiludinol 


Vertical 


TronivarM 


37,700*lb.  Throa-Tunnel  Blast 


Records  fttr  a  single  tunnel  blast  as  ettmpared  with  a  double  and  a  triple  delayed  blast,  as  recorded  on  a  l,«et  seismograph  by 

Ranald  Jones. 
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MINING  URANIUM 


IN  THE 


COLORADO  PLATEAU 


(  MARLKS  F.  THOMAS 


WITHIN  a  circular  area  approximately  3.5()  miles  in  diamehT 
projected  aroimd  Four  (>orners,  that  point  common  to  the 
states  of  (Jolorado,  Utah,  New  Mexico,  and  Arizona,  there  is  more 
mining  excitement  and  activity  than  would  he  stirred  up  on  a  sensi¬ 
tive  Geiger  counter  hy  a  near  specimen  of  high-grade  uranium  ore. 
For  it  is  nraninm  in  apparently  unlimited  quantities  that  is  bringing 
a  rush  of  individuals  and  capital  into  the  Colorado  Plateau  area 
that  promises  to  surpass  the  wildest  days  of  the  much-publicized 
(California  gold  rush  in  1849. 

•Actually,  the  (Colorado  Plateau  is  misnamed,  for  it  is  a  region 
marked  bv  the  deep  canyons  of  the  (Colorado  River  whose  depths 
lav  but  a  few  hnndri'd  feet  above  sea  level,  to  scenic  peaks  rising 
IS.tXH)  ft.  or  more.  Bt'tween  these  extremes  are  65,(KK)  square  miles 
of  erosion,  desolation,  and  loneliness.  Yet  it  is  thought  by  many  to 
be  more  weirdly  beautiful  than  any  other  part  of  the  American 
continent.  For  centuries,  it  has  been  the  homeland  of  the  Nayajo, 
Hopi,  and  Ute  Indians.  The  remains  of  a  yast,  widespread  ciyi- 
lization  are  found  throughout  the  colorful  canyons  where  the  cliff 
dwellers’  ruins  stand.  Unnumbered  thousands  of  people  onc-e  in¬ 
habited  the  ruins  now  found  on  the  pinon-  and  jnniper-cresti'd 
ridges  of  the  increasingly  popular  area. 

(Cardenas,  under  orders  from  (Coronado  to  explore  the  territory 
in  1540,  was  the  first  white  man  to  yiew  the  twisting  canyons  and 
the  “(Coosenecks”  of  the  San  Juan  River.  Two  Spanish  priests,  the 
Reverend  Fathers  Escalante  and  Dominguez,  traveled  through 
and  around  the  entire  region  on  a  hectic  six  months’  journey,  start¬ 
ing  at  Sante  Fe  in  midsummer  1776.  F'ather  E.scalante  noted  many 
of  the  strange  and  perplexing  geological  features  of  the  territory 
in  his  famous  diary. 

•P.  O.  Box  1017 
Ephruta,  \V'ashiii>{ton 
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Vanadium  Carp,  at  Amahea 
e  URAVAN  MIU. 

US.  Vanadium  Co. 

3  MOAB,  UTAH 
4.  MOHTICELLO 

US.  Oauarnmant  Mill 
3.  3HIPR0CK,  M.M 
«  GRANTS,  M  M 

Anaeanda  Company 
Mill  and  tllnaa 
7  MARYSVALt,  UTAH 
«  STEEN'S  UTEX  NINE 
•  DURANGO  MILL 
Vanadium  Corp.ctAmarlea 
10  A  EC 

Hold  Haadquarlara 


MILLi 


FOl’H  (.'OHNF.KS  AHFA:  .Some  of  the  principal  mines  and  mills  o|)eratinx  in  the  Four  C^orners 
area  of  the  (.'olorado  Plateau. 


Till*  C^olorudo  Flutvaii 

With  tlu-  drift  of  civili/atioii  wo.st- 
ward,  th«*  ('olorado  Plateau  ha.s  re¬ 
mained  a.s  the  la.st  frontier  of  the  wild 
and  w(M)lly  West.  Desolation  Mesa, 
Outlaw  Flats,  Horsethief  ('anyon, 
,Sew’eni  Up  (hilch,  and  Di.sappoint- 
ment  Valley  eonid  furnish  the  .settings 
for  wild  hilt  true  tales  of  their  few  scat¬ 
tered  inhahitants. 

It  has  he<‘n  a  paratli.se  for  ^(‘olo^ist.s, 
artists,  anil  photographers  since  tiu* 
lS9()'s.  For  the  geologist,  n<‘arly  every 
page  of  the  earth’s  history  is  openeil. 
from  the  winding  ih'pths  of  (Jrand 
('anyon  to  tIu*  heights  of  sharp  peaks 
that  ri.se  out  of  the  wa.ste  land.  For  the 
artist  and  tiu*  photographer,  it  ha.s  tiu* 
famous  Natural  Bridges,  .\rclu*s  Na¬ 
tional  Mommu*nt,  the  Painted  Desert. 
Mommu*nt  Valiev  with  its  hundreds  of 


.spires,  Mexican  flat,  and  thousands  of 
otlu*r  strangely  eroded  forms,  caverns, 
gauily  cliffs,  and  ileeply  etched  can- 
vons,  mostly  unnamed  and  st*ldom  .seen 
or  explored.  Fossils  and  minerals  of 
almost  every  kind  are  present. 

Tiu*  larger  part  of  this  apparentlv 
worthless  territorv  has  bet*n  giMul  onlv 
for  Indian  reservations,  .scattered  cattle 
ranches,  or  occasional  drv  farms. 
.Springs  and  str(*ams  have  been  scarce 
—  most  of  them  evaporateil  in  the 
fi(*rct*  heat  of  tiu*  ile.sert’s  summer  sun. 
No  railroads  cros.sed  the  hills  or  fol¬ 
lowed  the  canyons.  The  Rio  (irandi* 
Southern  Railroad,  which  skirtetl  the 
extrt*me  t*ast<*rn  boundarv  of  the  area 
anil  served  the  San  Juan  mining  region 
of  ('olorado  in  its  hevday,  was  aban- 
doiu‘d  and  rt*moved  a  f(*w  years  ago. 
I'he  Di*nvi*r  and  Rio  (Irande  Westt*rn 


touches  the  northern  edge  of  the  circle, 
and  the  Saute  b'e  traverses  the  .southern 
edge.  Roads  are  scarce  and  unim¬ 
proved,  for  the  most  part. 

All  .soil  has  been  eroded  from  hun¬ 
dreds  of  stpiare  miles,  leaving  barren 
rocky  ridges  and  upthrust  ledges  of 
sandstone.  There  is  little  timber,  ex¬ 
cept  on  the  north  slopes  of  the  higher 
mountain  ranges.  The  lower  hills  have 
sparse  growths  of  sagebrush,  juniper, 
and  pinon,  with  pinon  furni.shing  a 
staple  food  for  the  Navajos.  The  river 
banks  have  only  a  few  scattered  groves 
of  cottonwoods. 

Uranium 

Today,  as  a  result  of  the  Govern¬ 
ment’s  participation  in  atomic  nuclear 
studies,  this  heretofore  practically 
worthless  region  has  apparently  be¬ 
come  the  greatest  source  of  uranium 
on  the  Anu*rican  continent,  if  not  in 
the  world. 

Uranium,  now  the  most  eagerly 
.sought  mineral  element,  was  ignored 
for  many  years.  Its  value  in  earth’s 
.scheme  of  things  was  unknown.  Pun* 
uranium  is  a  lustrous  white  metal,  first 
recognized  in  1789  as  a  component  of 
pitchblende.  It  was  named  in  honor 
of  the  plan(*t  Uranus,  which  had  been 
discovered  only  a  few  years  before. 
While  uranium  is  found  among  more 
than  1(K)  ores,  its  commonest  occur¬ 
rences  are  in  pitchblende,  carnotite, 
and  uraninite.  Pitchblende  is,  primar¬ 
ily,  a  bluish-black  mineral  found  most 
plentifully  in  the  Belgian  (>ongo.  Car¬ 
notite  is  a  secondary  canary-yellow 
mineral,  found  largely  in  the  Colorado 
Plateau.  (Carnotite  is  a  c-omplex  vana¬ 
date  of  pota.ssium  and  uranium.  Urani¬ 
nite  has  bt*t*n  discovered  ret*ently  in 
wide  areas  in  the  (Colorado  Plateau. 
Uranium  has  an  atomic  weight  of 
2.38.2;  its  atomic  number  is  92. 

It  is  stat(*d  that  one  pound  of  ura¬ 
nium  is  etpiivalent  in  potential  power 
to  1,.3(K)  tons  of  coal,  with  more  energy 
than  is  containetl  in  3.5(),(XK)  gallons  of 
ga.soline,  and  with  more  horsepower 
than  is  g<*neratetl  from  2,.5(K),(MX)  kilo¬ 
watt  hours  of  electricitv.  The  Atomic 
Energy  ('ornmission  estimates  that  the 
energy  potentially  available  in  the 
worlil’s  re.servt*.s  of  available  uranium 
is  20  to  25  times  tin*  energv  contained 
in  the  world’s  combined  reserv'es  of  oil, 
gas,  and  coal.  Uranium  and  thorium. 
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HKOKKN  SANDSTONE  FORMATIONS:  A  look  at  badly  broken  forniation!i  of  Kntrada,  Mor¬ 
rison,  and  Dakota  sandstone  in  a  section  of  tbe  plateau  west  of  Kedvale,  C^olorado. 


j'enloj'ists.  Many  of  thorn  spend  tlieir 
weekends  on  the  mesas  and  canyons  in 
search  of  a  deposit.  A  new  term  has 
been  coined  in  the  W'est,  which  refers 
to  the  lucky  finder  of  such  a  dc'posit 
as  a  ‘’nranimnaire.”  Tourists  hec-ome 
excitetl  wht*n  they  reach  some  of  the 
cities  or  towns  close  to  the  Flatean, 
often  piirchasinj'  a  (ieij'er  counter  anil 
spending  their  vacations  climhing  over 
rock  ledges  or  driving  over  lonesome 
stretches  of  poor  roails  that  leail  into 
spots  where  they  hope  to  strike  it  rich. 

Most  of  the  areas  where  nraninm  is 
known  to  occur  in  (adorailo  and  Utah 
have  been  e.\plort*d  thoroughly  hv  the 
•Atomic  Faiergv  (Commission,  the 
United  States  (leological  Survey,  the 
Mnrean  of  Mines,  hy  companies  now 
engaged  in  exploiting  deposits,  and  hv 
prospectors  who  have  roamed  the  hills 
through  the  years.  .Almost  the  entire 
region  has  been  blanketed  with  claims. 


another  radioactive  mineral,  are  the 
most  important  of  all  snbstances  in  de¬ 
termining  the  ages  of  the  geologic 
strata  of  the  earth. 

Radioactivity  was  di.scovered  acci¬ 
dentally  in  lS9fi  by  a  Frenchman 
named  Becipierel,  who  wrapped  a 
photographic  plate  in  black  paper  and 
placed  on  it  a  specimen  of  Hnorescent 
salt.  Di'velopment  of  the  plate  showed 
a  distinct  impression.  His  later  experi¬ 
ments  proved  that  all  nraninm  minerals 
and  salts  produced  the  same  effects. 
Occasionally,  early-dav  prospectors 
tested  samples  of  ore  by  the  same 
method,  placing  a  coin  or  a  key  be¬ 
tween  the  nnexposed  plate  and  the 
ore  sample  being  testeil. 
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Prospecting 

The  day  of  the  grizzled  old  prospec¬ 
tor,  with  his  pack  outfit  loaded  on  a 
slow-moving  burro,  is  done.  Today, 
prospecting  is  a  .scientifii'  operation, 
but  one  in  which  any  person  who  can 
borrow  or  boy  a  (ieiger  counter  can 
engage  in.  And,  when  visiting  the  ter¬ 
ritory,  it  seems  as  though  almost  every¬ 
one  is  engaged  in  some  form  of  pros¬ 
pecting.  .At  times,  the  demand  for 
(ieiger  connters  has  far  exci*eded  the 
supply.  In  stores  where  they  are  tlis- 
playod,  clerks  talk  glibly  of  alpha,  beta, 
and  gamma  ravs.  They  refi'r  to  the  dif¬ 
ferent  formations  where  nraninm  mav 
be  found  with  the  manner  of  learned 


DEAD  IIOKSF]  POINT:  IVaniiiin  minitiK  o|K‘ralioiis  are  now  uiider  way  on  tbr  lower  l>eni'hes 
of  the  canyon  at  Dead  Horse  Point  on  tbe  Colorado  River  near  Moab,  I’tab. 


Today’s  Scientific  Methods 

Prospecting  for  uranium  is  not  re¬ 
stricted  to  a  slow,  tedious  method  of 
tramping  across  ragged,  broken  ter¬ 
rain,  in  climbing  up  and  down  danger¬ 
ous  cliffs,  or  in  poking  the  probe  of  a 
counter  into  crevices  and  holes  in  rocks. 
Modern  science,  aided  by  jeeps,  auto¬ 
mobiles,  arul  airplanes,  has  developed 
methods  far  less  laborious,  and  with 
more  rea.sonable  certainty  of  detection 
of  high-grade  deposits. 

Airplanes  or  helicopters,  ecjuipped 
with  scintillators,  an  extremely  .sensi¬ 
tive  counter  attached  to  the  underside 
of  the  aircraft,  are  flown  over  the  areas 
being  studic-d.  Such  aerial  exploration 
recjuires  that  the  aircraft  be  flown  at 
the  slowest  speed  and  the  lowest  ele¬ 
vation  compatible  with  safe  flying.  The 
.scintillator  is  said  to  dett'ct  deposits  of 
a  few  feet  in  depth  to  hundreds  of  feet, 
depending  on  the  radioactivity  of  the 
overburden  and  the  size  and  rjuality  of 
the  ore  body.  The  .scintillator  is  also 
used  in  automobiles  for  ob.servations 
along  roads  and  highways. 

In  19.S3,  the  .\tomic  Energy  Commis¬ 
sion  had  six  planes  in  operation.  Re¬ 
cently,  this  number  was  increa.sed  to 
ten.  .Many  private  planes  are  u.sed 
throughout  the  area,  for  prospecting, 
freight  hauling,  photography,  and  for 
rapid  tran.sportation. 


(iKKKN  KIVFK  CANYON:  The  variable  formationsi  in  Green  River  C.'anyon  in  .southeastern 
Utah  are  primarily  sand.slone  and  shale,  (.'amotite  and  other  uranium  ores  are  also  found 

in  some  of  the  measures. 


Camotite 

In  the  189()'.s,  high-grade  camotite 
deposits  in  C>oloradf)  and  Utah  were 
mined  for  their  radium  content.  The 
radium  u.sed  by  Madame  Curie  and  her 
husband  in  their  famous  discoveries 
was  obtained  from  Ca)lorado.  Activi¬ 
ties  were  expaiuh‘d  during  the  early 
RXKI’s  because  of  an  irregular  demand 
for  vanadium,  for  use  as  a  ferro-alloy 
in  steel  manufacture.  Little  attention 
was  giv(‘n  to  uranium. 

In  the  early  years,  all  of  the  camotite 
obtained  was  mined  in  the  Morrison 
formation,  a  stratum  of  common  occur¬ 
rence  in  the  West.  It  lays  in  the  upper 
Jurassic  period.  In  (^olorado.  New 
Mexico,  and  Utah  the  formation  is 
readily  recognized  bwause  of  its  prox¬ 
imity  to  the  spectacular  “Slick  Hwk” 
or  layer  of  massive  sandstone  several 
hundred  b^t't  in  thickness  on  which  it 
and  underlaying  strata  rest. 

Because  of  the  easily  ret'ognized 
colors  generally  <K‘curring  in  camotite 

Till-;  KXPI.OSIVKS  KNGINKKR  •  SKPTKMBKR-WTOBKR,  l».54 


"THK  RKKF";  An  aerial  photoxraph  <if  u  speetaciilur  Keoln|{ical  upthrust  in  eroded  area.s 
west  of  (>reen  River  in  southeastern  lltah.  Newly  discovered  ore-beariiiK  strata  of  uranium 

lie  to  the  south  and  west. 


L’.AN  “Cp(M>.SKNKCKS'':  In  southeastern  Utah,  the  area  known  as  the  San  Juan 
necks  is  iiH-ludcd  in  a  vast  Hood-control  proKram  of  the  Hureaii  of  Reclamation. 


WEST  OK  MOAB:  A  with  a  (ieiKt'r  counli^r  tests  for  iiraiiiiiin  in  the 

mountainous  regions  of  the  San  Rafael  Swell  country  west  of  Mouh,  Utah. 


tleposit.s,  little  else  was  retjuirecl  by 
the  early-(lav  pntsjyector.  (ieijrer  eoiiii- 
ters  had  not  ht*en  invented  and  it  was 
not  Ix'lieved  that  radioactive  ores  <k'- 
eurred  in  other  strata.  The  Atomic 
Knergv  Commission  reports  that  com¬ 
mercial  production  of  uranium  has 
heeti  rt‘ali/,ed  from  18  different  forma¬ 
tions.  Naturally,  this  report  has  greatly 
widened  the  field  of  recovery. 

Indications  are  that  all  of  the  larger 
mining  companies  in  the  nation  today 
are  either  prospecting  actively  in  the 
area  or  have  accpiired  claims  which 
thc*y  are  preparing  to  mine.  In  addi¬ 
tion,  hundreds  of  new  companies  have 
been  organized  and  are  building  roads, 
drilling  holes  for  exploration  and  test¬ 
ing,  sinking  shafts  to  ore  deposits,  or 
otherwise  moving  toward  actice  pro¬ 
duction  of  uranium. 

All  of  this  activity  has  been  brought 
about  by  the  United  States  Govern¬ 
ment  through  the  Atomic  Energy  Com¬ 
mission,  with  the  latter  actively  spon¬ 
soring  a  program  to  provide  ever- 
increasing  reserves  of  uranium. 

The  A  EC  Program 

The  overall  program  of  the  Haw 
Metals  Division  of  the  .Atomic  Energy 
(Jotnmission  is  widespread.  In  April, 
1948,  heachpiarters  were  established 
in  Grand  Junction,  Colorado.  The 
United  States  Geological  Survey  is 
working  closely  with  the  (Commission 
under  a  contract.  The  Bureau  of  Mines 
is  also  assisting  in  the  program.  Everv 
facility  of  the  three  groups  is  made 
available  to  anvone  interested.  (Com¬ 
plete  information,  with  the  exception 
of  production  data,  is  supplied.  VV'hile 
the  AE(C  does  not  engage  in  any 
mining  activitv,  it  covers  all  operating 
steps  from  prospecting  to  production, 
and  offers  aid  to  any  individual  or  con¬ 
cern  interested  in  uranium  production. 
Exploratorv  work  during  the  past  thre(* 
years  has  been  extensive  and  the  two 
Government  groups  have  studied,  sur¬ 
veyed,  and  majjped  many  wide  areas 
of  hard-to-reach  mountain  and  canvon 
countrv. 

.As  a  coordinating  agency,  the  .AE(C 
is  performing  an  unusual  service  for 
the  atomic  program  and  the  mining  in¬ 
dustry.  Its  program  has  awakened  tfie 
West  to  the  resources  of  the  (Colorado 
Plateau  and  to  the  potentials  witliin 


the  region.  The  apparently  unlimit(‘d 
domestic  supplies  of  the  strategic  min¬ 
eral  make  for  a  much  grt'ater  feeling 
of  securitv  for  the  forces  experimenting 
with  and  stndving  uses  of  uranium 
for  tiational  protection  as  well  as  for 
peaceful  uses. 

The  important  aspect  of  tin*  overall 
program  is  the  reliance  on  private  en- 
t(*rprise  for  the  development  and  pro¬ 
duction  of  uranium.  Figures  recentlv 
releas<‘d  by  the  AE(C  indicate  the  im- 
nuMisitv  of  the  program  —  more  than 
1.5(),()(K)  persons  are  working  on  atomic 
energv  projects.  This  numl)er  includes 
the  personnel  of  tlie  AE(C  and  its  <*ngi- 
ne(‘ring  construction  lal>oratori(‘s,  and 
operating  contractors.  In  all  prob¬ 
ability,  several  hundred  thousand  more 
are  empkwed  indirectlv  bv  firms  that 
furnish  supplies  or  services  to  tlie  AE(C. 


Guaranteed  Prices 

'I'o  stimulate  production  of  uranium, 
the  .Atomic  Energy  (Commission,  by  an 
act  of  (Congress  in  .April,  1948,  e.stab- 
lislu-d  a  guarant<-ed  lO-year  .schedule 
of  prices  tor  donu‘stic  U.iOm  (uranium 
oxide)  or  mechanical  concentrates. 
Tlu'se  minimum  prices  range  from 
$1  ..tO  a  lb.  for  0. 10  per  cent  ore  to  $^^..50 
a  lb.  for  ores  a.ssaying  0.20  per  cent 
or  mor<‘.  The  cost  of  refining  such  ores 
or  csmcentrates  to  standards  of  purity 
recpiired  for  tlie  (Commissiotrs  oper¬ 
ations  is  deducted  from  the  amounts 
paid  to  the  producer. 

Under  an  amendment  pas.sed  Oc- 
tot)<*r  5,  19.S3,  the  same  scfiedule  of 
guaranti-ed  prices  for  uranium-bearing 
carnotite  ores  was  extended  to  March 

31,  m2. 

(To  lie  continued) 
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{Quarry  Blasting 

((^ontiniH'd  from  paj'o  147) 

(M.H.D.)  of  ground  vilrration  from 
16  thousandths  of  an  inch  to  11  thou¬ 
sandths.  But,  increasing  the  amount 
of  dynamite  ptT  yard  in  ten  holes  al¬ 
lowed  the  detonation  of  a  total  of 
52,1(K)  Ih.  with  a  maximum  vihration 
amplitude  of  only  7  thousandths  of  an 
inch  at  the  same  recording  location. 
The  52,l(H)-lh.  blast  resulted  in  grxKl 
digging:  the  40,(KX)-lh.  blast  was  hard 
digging  and  left  a  lot  of  t(K*  at  the  bot¬ 
tom  of  the  face;  the  two-hole  blast  pro¬ 
duced  hI(K-ky  material.  The  respective 
loading  factors  per  cii.  yd.  were  1.01, 
0.90,  and  0  8.5. 

Wagon-drill  Delay  Firing  — 
Vibration  Frequency  Effects 

As  can  he  .seen  from  an  expression 
for  energy  ratio,  such  as  E.  R.  =  10.8 
f^A"',  where  f  is  fretjuency  and  A  is 
amplitude  in  inches,  the  (piantity  is 
(|uite  sensitive  to  changes  in  the  fre- 
(|uency. 

In  general,  large  amounts  of  total 
explosive  and  large  amounts  per  delay 
interval  tend  to  set  up  vibrations  with 
lower  frerjuencies.  Another  factor  af¬ 
fecting  frequency  was  observed  re¬ 
cently  in  a  quarry  firing  wagon-drill 
holes  on  a  l)enched  face.  It  is  illus¬ 
trated  by  the  two  records  of  Figure  11, 
for  which  data  are  given  in  Table  II. 

The  significant  feature  illustrated  by 
Figure  11  and  Table  II  is  that,  with  all 
other  conditions  es.sentially  similar,  the 
blast  at  the  top  of  the  face  ( top  record 
of  Figure  1 1 )  produced  vibrations  with 
more  energy  in  higher  frecpiencies  than 
tin*  blast  at  the  bottom  of  the  face.  .An 
amplitudi*  of  ().(K)41  in.  at  7.5  cvcles  per 


second  represented  over  five  times  the 
<-nergy  ratio  of  0.(X)49  in.  at  .5.3  cycles 
jK*r  .second,  and  over  7.5  times  the 
energy  ratio  of  ().(X)76  in.  at  5  cycles 
jM'r  second. 

This  demonstrates  in  one  form  the 
general  principle  that  where  larger 
x'olumes  of  rock  are  involved  in  the 
layout  of  a  shot,  lower  frequencies 
carry  most  of  the  energy.  Vibrations 
from  the  blast  at  the  bottom  of  the  face 
had  to  do  extra  work  in  moving  the  120 
ft.  of  material  between  the  blast  and 
ground  surface  as  ct)inpared  with  the 
work  done  by  vibrations  from  the  blast 
at  the  top  of  the  face.  Motion  ulti¬ 
mately  established  in  the  surface  was 
lower  in  frerpiency  and  in  energy. 

Blasting  Coyote  Tunnels 
With  Short-Period  Detonators 

Limited  experiments  in  attempts  to 
interpose  short-period  delay  detona¬ 
tors  in  the  firing  of  two  or  more  coyote 
tunnels  have  not  led  to  conclusive  re- 
srdts.  In  view  of  the  mechanism  by 
which  delay  firing  appears  to  reduce 
vibrations  in  well-drill  shooting,  a  20- 
to  25-millisecond  delay  between  coy¬ 
ote  tunnels  .30  ft.  apart  at  their  closest 
points,  but  60  to  70  ft.  across  each  “T”, 
should  have  no  more  than  a  limited 
effect  in  reducing  vibrations.  In  prac- 
tic-e,  however,  the  delay  detonation  of 
dynamite  charges  in  coyote  tunnels 
seems  to  be  more  effective  than  pre- 
dicU*d. 

Figurt*  12  shows  records  from  the 
bia.sts  tabulated  in  Table  III. 

Table  III  and  Figure  12  illustrate  the 
conflicting  features  in  the  results  of 
delay  firing  in  coyote  tunnel  blasts. 
The  vibrations  from  a  two-tunnel  blast 
were  greater  than  from  a  one-tunnel 


TABI.K  III 

DATA  FOR  t.OY(m;  TUNNEL  BLASTS  VMIICH  PHODl’CED 
THE  VIBRATIONS  SHOWN  IN  FIGURE  12 


Tup  R«*f<»rd 


Midcllc  R<‘('()r(l 


BoUoiii  Record 


Tiiiiiiel  —  23,f)(K)  11). 

Vlaxiiniini  Resultant  Displacement  =  0.0.327  in. 
Tunnel  1  —  lO.KX)  II). 

Delay  0.040  st^c .  Total  .3 1 .250  II). 

Tunnel  2-  1. '5, 1.50  II). 

.Ma.xiinuin  Resultant  Displacement  =  0.0.30.5  in. 

Tunnel  1  -  17.1(K)  II). 

D«4ay  0.020  sec. 

Tunnel  2  -  14,(KM)  II).  Total  .37.7(K(  II). 

I  )«4ay  0.020  sr'c. 

Tunnel  3  —  6,000  11). 

Maximuu)  R<‘sultant  Displac-«*nM-nt  =  0.0.3.50  in. 
Sr'ismoKrapli  at  .same  l(H-ation  for  each  recording 


blast  although  each  of  the  two-tunnel 
blasts  was  loaded  with  less  explosives 
than  the  single  tunnel.  On  the  other 
hand,  the  vibrations  were  not  greater 
in  anything  like  proportion  to  the  in¬ 
crease  in  total  explosives  —  23,9(X)  lb. 
to  31,250  lb.,  but  0.0327  in.  to  0.036.5  in. 
The  thrt'e-tunnel  blast,  with  the  great¬ 
est  total  explosives,  produced  vibra¬ 
tions  of  intermediate  magnitude.  .Actu¬ 
ally,  reduced  to  energy  ratio,  the  vibra¬ 
tions  were  not  significantly  different 
for  any  of  the  thrt*e  blasts  of  Figure  12, 
although  the  total  amount  of  explosives 
was  .58  per  cent  greater  in  the  three- 
tunnel  blast  than  that  consumed  in  the 
one-tunnel  blast. 


Your  best 

cancer  insurance . . . 

"LIFETIME  ”  POLICY  .  .  .  See  your 
doctor  every  year  for  a  thorough  check¬ 
up,  no  matter  how  well  you  feel. 
“DAY-TO-DAY"  POLICY  ...  See  your 
doctor  immediately  at  the  first  sign  of 
any  one  of  the  seven  danger  signals 
that  may  mean  cancer  ( 1 )  Any  sore 
that  d<M-s  not  heal  ( 2)  A  lump  or  thick¬ 
ening  in  the  breast  or  elsr-where  (.3) 
Unusual  blti'ding  or  discharge  (4)  Any 
change  in  a  wart  or  mole  (5)  Persis¬ 
tent  indig(.stion  or  rlilficidty  in  swal¬ 
lowing  ( 6 )  Persistent  hoarseness  or 
txMigh  ( 7 )  Any  change  in  normal 
bowel  habits. 

.Man>'  cancers  can  Ih-  cured,  but  only 
if  proiH-rly  treaterl  be/ore  they  have 
iM.giin  to  spread  or  “c-olonize"  in  other 
parts  of  the  IxKly. 

For  any  information  alM>ut  cancer  ju.st 
call  the  American  Cancer  S<K'iety  or 
write  to  “Cano'r’’  in  care  of  your  focal 
Post  Office. 


American 

Chancer 

Society 
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POTASH 

((’oiitimied  from  paj'e  141) 

Following  close  behind  PCA  was  In¬ 
ternational  Minerals  &  Chemicals  Cor¬ 
poration,  which  started  its  first  shaft  in 
the  fall  of  1936.  It  was  able  to  turn 
out  refined  potash  by  October  of  1940. 

For  several  years,  including  all  the 
period  of  World  War  II,  when  more 
potash  than  ever  was  needed  for  the 
production  of  food  and  fiber,  these 
three  pioneer  operators  were  the  only 
ones  m  the  Carlsbad  Basin.  The  heavy 
demand  for  jX)tash  in  the  postwar  years 
interested  other  ctmc'erns.  Early  in 
1952,  Duval  Sulphur  &  Potash  Com¬ 
pany  came  into  production  with  a  new 
mine  and  refinery.  Later  in  that  same 
year.  Southwest  Potash  Company 
brought  its  mine  and  plant  to  the  pro¬ 
duction  stage. 

The  five  operating  companies  have 
properties  which  are  valued  at  $80,- 


(KK),(KK)  and  a  current  crude-ore  pro¬ 
duction  of  S,(KK),(MX)  tons  a  year. 

Ba.s(‘d  on  figures  announced  by 
Southwest  Potash  C’ompany,  the  latest 
to  get  into  production,  it  now  t“osts 
at  least  $10,(KK),(XK)  to  sink  a  shaft  and 
set  up  the  nece.ssary  plant  units.  De- 
.spite  this  cost  and  the  threat  of  a  sur¬ 
plus  of  potash,  two  other  organizations 
have  indicated  that  they  may  go  into 
production.  They  are  the  Freejwrt 
Sulphur  (Company  aiul  the  National 
Farmers  Union,  the  latter  with  head- 
(piarters  in  Denver.  Each  has  made 
e.xtensive  core  tests  and  found  ade- 
(jnate  deposits  of  potash. 

Two  Million  Tons  a  Year 

The  potash  industry  has  grown  at 
a  pace  so  rapid  as  to  be  almost  un¬ 
believable.  In  1939,  deliveries  in  North 
.America  were  under  4(X),(XX)  tons.  Pro¬ 
duction  reached  the  1  ,(XX),(XX)-ton 
mark  in  1947,  and  came  clo.se  to  2,- 
(XX),(XX)  tons  last  year.  Only  in  1949 


was  tlu'  steady  upward  surge  of  de- 
liseries  interrupted.  This  was  cau.sed 
by  a  73-tIav  work  stoppage,  which 
clo.stHl  all  mines  and  plants  in  the 
C  Carlsbad  Potash  Basin. 

Deliveries  for  agricultural  purposes 
in  the  continental  United  States  for 
195.3  were  1,66.3,242  tons  K^.O,  an  in¬ 
crease  of  70,662  tons  over  the  previ»)us 
year.  However,  production  at  C.’arls- 
bad  went  up  by  a  much  greater  jx*r- 
centage.  Canada  received  72,.501  tons 
of  potash  last  year;  (hiba,  4..5()9  tons; 
Puerto  Hico,  16,699  tons;  and  Hawaii, 
19,4.37  tons.  Exports  to  other  countries 
amounted  to  1,742  tons. 

It  has  taken  lots  of  cxairage,  know¬ 
how  (or  learn-how),  and  money  to  de¬ 
velop  the  American  potash  industry. 
Estimates  of  the  reserves  in  the  Claris- 
bad  Basin  indicate  that  they  are  suf¬ 
ficient  to  last  at  least  1(X)  years.  But 
the  full  extent  of  the  Pt'rmian  forma¬ 
tions  has  not  as  yet  been  determined. 


EXPLOSIVES  USERS— If  you  or*  •xporioncing  or  anticipate  legal  or  public 
relations  problems  arising  from  blasting  effects— 

Send  for  Our  NEW  BROCHURE  Dmseribing  Our  Services 
"VIBRATION  PROBLEMS  CONNECTED  WITH  BLASTING  AND  OTHER 
SOURCES;  THEIR  SOLUTION  AND  CONTROL  BY  SCIENTIFIC  METHODS" 

(fritm  Scliadula  Accempaniai  Brechwra) 

VIBRATION  ENGINEERING  COMPANY 

301  Hoilaten  Notional  Bonk  Bldg.  Phono  OLodttona  5-1961  Hotlalon,  Po. 

Dr.  L.  Don  loot,  Protidonl,  Harvard,  Matt. 

RACEY,  MocCAlLUM  6  ASSOC.,  LTD.  RANALD  E.  JONES  lEET  ASSOCIATES  DIV. 

4123  Shorbrooko  St.,  Wott  Jinny  Hill  Rood  Harvard,  Matt. 

Montroal,  Quo.,  Canada  Chothiro,  Cann.  Philip  R.  Borgor,  Mgr. 


FUTURE  REFERENCE  | 

The  six  issues  of  The  Explo-  | 

sivES  Engineer  published  in 
I  195^3  are  available,  bound  at- 
j  tractively  in  cloth.  These  will  j 

be  sent  to  post-office  addresses 
in  the  United  States  and  (Can¬ 
ada  for  .$.3.50  each,  or  for  .$4..50  i 

!  I 

to  other  countries  (limited).  | 

.Adtlress  orders  to  The  Exi*i.o- 
sivKS  Engineer,  flfX)  King 
!  Street,  Wilmington  9fl,  Del- 
I  iiWiire.  ! 


INDUSTRIAL  SEISMOLOGY 

VIBRATION  SURVEYS  -  BLASTING  EFFECTS  ANALYSIS 

HAROLD  Ho  WHITE 

CONSULTING  ENGINEER 

1619  WALL  STREET  •  JOPLIN,  MISSOURI 
PHONE  164 

MULTI. STATE  PROFESSIONAL  REGISTRATION  •  30  YEARS'  EXPERIENCE  IN 
ANALYSIS  OF  EXPLOSIVES  EFFECTS  •  INTERNATIONAL  BACKGROUND 
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C'P  Cotr\\>rBSsor. 

A  Real  Work  Horse  On  Wheels 


If  your  drilling  operation  calls  for  a  mobile  compressor  that 
can  be  easily  moved  from  spot  to  spot  over  very  rough  terrain  and 
still  maintain  high  operating  efficiency,  you  need  a  dependable 
Chicago  Pneumatic  Power  Vane  Rotary. 


C«p«cMm; 

125,  210,  MS  and  600  cfm. 


The  easy-towing  CP  Rotary  Compressor  is  highly  maneuverable 
tiecause  of  its  spring  suspension,  automotive  steering,  tilt  opera¬ 
tion  and  over-all  lightweight  and  compactness.  And  its  efficient 
oil  injection  system  provides  copious  lubrication  during  off-level 
operation,  yet  oil  consumption  is  low  and  air  is  delivered  practically 
oil  free.  A  variable  speed  capacity  regulator  helps  prolong  engine 
life  and  reduce  wear  and  tear  . .  .  increases  over-all  economy.  For 
more  information  write  Chicago  Pneumatic  Tool  Company,  8  East 
44th  Street,  New  York  17,  N.  Y. 


Cnica^o  Rneamatic 


PNCUMATIC  TOOLS  •  AIR  COMPRESSORS  •  ELECTRIC  TOOLS  •  DIESEL  ENGINES  •  ROCK  DRILLS  •  HYDRAULIC  TOOLS  •  VACUUM  PUMPS  •  AVIATION  ACCESSORIES 
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Offshore 
Oil  Exploration 

WHERE 
EXPLOSIVES 
RESEARCH 
PAYS  OFF 


riio  science  i>f  and  r<*n>rd- 

itifi  vibrations  under  water  ealls  for  ex- 
/ 'T.  plosives  research  of  the  highest  order. 
For  offshore  seismic  explorations,  where 
safety  is  of  utmost  importance,  Hercules 
has  developed  a  team  t«)  do  the  job: 
Vihronite®  H.  an  insensitive  nitro-t^arhu* 
nitrate  blasting  afjetit,  and  \  ihrocap®  Sll 
detonators,  desifined  to  minimi/e  premature 
firing  by  static  ele<‘tri(itv  and  eliminate 
“time-lag”  between  the  rupturing  of  the 
bridge  wire  atnl  the  detonation  of  the  cap. 

Another  important  Hercules  seismic  de- 
velo[)ment  is  .Sjuralok®  —  the  rigiil  dynamite 
cartridge  assembly  that  sim[)lilies  ami  speeds 
u|»  the  preparation  and  loading  of  charges. 

Hercules  has  been  developing  and  manu¬ 
facturing  speciaii/e<l  tvpes  of  explosives  for 
over  forty  )ears,  and  at  the  same  time  build¬ 
ing  u|»  service  fa- 
(dliti«*s  to  expe<lite 
their  use  in  seis¬ 
mic  exploration, 
coal  mining,  metal 
mining,  quarry¬ 
ing.  and  construc¬ 
tion.  Vte  welcome 
your  impiiries. 


F.xpliisivex  hf/mrtnifnt 

HERCULES  POWDER  COMPANY 

f)90  Kiiif!  St.,  Wilmifinl(m  99,  Dclawarr 

Itirmin^ham,  Ala.;  t]hiraga.  III.;  Diiiiilli.  Nfiioi.; 
Ila/lftiin,  Pa.;  Joplin,  Mo.;  I.ok  \na*‘lcs.  dal.; 
Now  Nork,  N.  Y.;  Pitlslnirgh,  Pa.;  .Salt  l.ako  (alv, 
Utah;  San  F'ranciacu,  Cal. 

X«M-. 


THK  F.XPl.OSIVKS  E.NGINKKK 


SFPTKMBKR-tKnOBKR.  I»S4 


Tampinf  —  a  U  Rei-CIEVELAND  bock- 

fill  teni»*f  air-pow«r«d  by  Troctoir^  tk«t  «ivM 
yo«  factor,  oociar  tomaina,  batter  cemaoctien, 
lower  cecte.  Thic  ecomole  thewt  bow  Troctoir 
teoeic  uo  with  Le  Rei-CIEVELAND  Air  Toole  to 
cove  time,  work,  money. 


Cot»i^9  mpltolt  ^vomont  —  with  a  Troctoir- 
oowered  le  Roi-CLEVELANO  oovino  breaker. 
Note,  Troctoir  in  bockoround  it  eouipped  with 
o  fweepino  attachment.  Thit  it  iutt  another  of 
mony  wayi  that  Troctoir  can  tove  you  money. 


Drillliif  tronch  —  Easy  holding  Le  Roi-CLEVE- 
LAND  tinkert  provide  the  fottett  way  of  drilling 
rock.  The  oir-power  source  it  a  Troctoir,  equipped 
with  o  front-end  loader.  Troctoir  it  extremely 
mobile.  It  hot  o  low  center  of  gravity.  It  toket 
money-toving  air  power  anywhere. 


...the  10  in  1  machine  that  does 
10  basic  jobs  to  save  you  money 


ments,  you  get  added  usefulness. 
You  can  load,  back-fill,  dig,  sweep 
or  hoist. 

Although  Tractair  was  pioneered 
and  developed  by  Le  Roi  Company 
to  do  10  basic  jobs,  its  money-saving 
usefulness  on  costly,  nuisance-type 
work  is  limited  only  by  the  user's 
imagination. 

If  you  want  to  cut  costs,  get 
Tractair.  Call  your  Le  Roi  dealer  for 
a  demonstration,  or  write  us  for  fur¬ 
ther  information. 


It  holds  down  your  investment  in 
special  equipment 


Because  Tractair  is  a  combination 
35-hp  wheel  tractor  and  105-cfm 
air  compressor,  it  is  extremely  ver¬ 
satile. 

It  lets  you  take  air  power  wherever 
you  want  it  —  air  power  for  drilling 
rock,  tamping  fill,  breaking  concrete, 
driving  spikes  and  form  pins,  or 
pumping  water. 

When  it  is  equipped  with  attach¬ 


LE  ROI  GIVES  YOU  MORE  FOR  YOUR  MONEY 


Loading  —  Troctoir  tokat  air  powor  practically 
•varywhara,  yat  it  can  b«  u»od  for  a  wid* 
varioty  of  athar  iobt.  It*  front-ond  loading  at- 
tochmont,  for  •xampla,  hat  8  accattoriat  that 
intarchanga  aosily,  $o  that  Tractair  can  load, 
lift,  back-fill,  plow,  ate. 


Tractair  with  MablldrIII  —  Mobildrill  U  a 
lightwaight  wagon-drill  ottachmant  for  Tractair, 
It  givas  you  unuiuol  mobility  —  ono  man  con 
drill  holat  at  any  angla  and  any  alovotion  up 
to  12  foal.  Swinging  boom  parmitt  drilling  4-6 
holat  of  a  pottarn  from  ona  ipot. 


Compressors 
Rock  Drills 
Tractair 
Engines  . . . 


Milwowkao  14, 
Witcontin 


A  Subtidiory  af  Wailinghaata  Air  Iraka  Ca. 

Hmtrlt;  Milwoukaa  •  Clavoland  —  Groonwich  —  Dunkirk,  Ohio  *  Coldwator,  Mich. 


Notion -Widl«  Solos -Sorvico  Notwork 


AiAlAMA.  lirminaiiam,  Mablla  —  AKIZONAi  Pheanli  —  AIKANSAS.  littia  Hack 
—  CAlirOINlAi  lokoftfiald,  Lang  laock,  lat  Angalat,  Son  tranciica  —  COIO- 
RAOO<  Oanvar,  Grand  Jwnctien  —  CONNECTICUTi  Hartford  —  FlOIIOAi  Jacktan- 
villa,  Miami,  Tampa  —  OEORClAi  Aufuila,  Dacatur  —  IDAHOi  Salta,  Idaho 
Fallt,  Twin  fallt  —  IlllNOIS:  Chicaaa  —  INOIANA,  Indianapalit  —  lOWAi  Cador 
Ropidt,  Dot  Mainot,  Watarloa  —  KANSASi  Croat  Sand,  Kantoi  City,  Rratt, 
Wichita  —  KENTUCKY,  latintton,  loviivilla  —  LOUISIANA.  Now  Orlaant. 
Shravapart  —  MAINE.  Aaawita  —  MARYIANO.  Salllmara,  Hyatttvilla  —  MASSA¬ 
CHUSETTS.  Hydo  Park,  Nawtan  Hiahlandt,  Worcottar  —  MICHIGAN.  Oatrall, 
Grand  Rapidt  —  MINNESOTA.  Dvlvlh,  Minnoopalii  —  MISSISSIPPI.  Jackton  -• 
MISSOURI.  Joplin,  St.  lauit  —  MONTANA.  Sillingt,  Groat  Fallt,  Kalitpalt,  Mit- 
tovla  —  NESRASKA.  Omaha  —  NEW  HAMPSHIRE.  Manchattor  —  NEW  JERSEYt 


Cranford,  Kingtian  —  NEW  MEXICO.  Albuqvargwa  >  NEW  YORK.  Albany,  Sing- 
hamlon,  Svffola,  lonf  Itland  City,  Nawbargh,  Rackatlar,  Sovgartlat,  Syraevta, 
Wkitatbara,  Waodtlda  ll.I.I  —  NORTH  CAROLINA.  Chorlafla  —  OHIO.  Cincin¬ 
nati,  Oavalond,  Calvmbwt,  Dayton,  Taloda  —  OKLAHOMA.  Oklahoma  City,  Talta 
—  OREGON.  Portland  —  PENNSYLVANIA.  Sathlaham,  Harritbarg,  Phllodalphla, 
PIHtbargh  —  RHODE  ISLAND.  Pravidanca  —  SOUTH  CAROLINA.  Calambia  — 
SOUTH  DAKOTA.  Rapid  City,  Siaan  Fallt  —  TENNESSEE.  ChoHanaaga,  Knaivllla, 
Mamphit,  Nathvilla  —  TEXM.  Dallot,  El  Pota,  Haattan,  Labbacfc,  San  Antonia  — 
UTAH.  Salt  Laka  City  —  VIRGINIA.  Richmond,  Raanafca  —  WASHINGTON. 
Saattla,  Spakana  —  WEST  VIRGINIA.  Clorktbarg,  Saath  Cfcorlatlan  —  WIKON- 
SIN.  Mllwoakaa  —  WYOMING.  Catpar. 


For  the  first  time,  the  flexibility  of  Ward  Leonard 
control  is  available  in  a  rotary  blast  hole  drill  —  the 
outstanding,  new  Bucyrus-Erie  50-R.  This  modern 
variable-voltage  control  gives  the  operator  smooth 
instant  command  over  rotation  of  the  drill  pipe.  He 
can  choose  the  most  efficient  speed  for  a  given  formation 
—  can  vary  the  speed  as  required  without  stopping  the 
drilling  operation.  In  hard  formations  with  maximum 
down  pressure  exerted  on  the  bit,  the  rotary  drive  will 
average  about  40  RPM.  In  drilling  softer  materials, 
rotating  speed  can  be  increased  substantially  as  down 
pressure  is  automatically  reduced. 

The  flexibility  of  Ward  Leonard  control  is  also  avail¬ 
able  on  the  50-R  for  propelling,  and  for  hoisting  and 
lowering  of  the  derrick  machinery.  It  brings  maximum 
efficiency  and  ease  to  these  operations. 

Ward  Leonard  control  is  only  one  of  many  outstand¬ 
ing  50-R  features  designed  to  save  you  time  and  money 
in  your  blast  hole  drilling  operations.  Get  the  complete 
story  —  write  today !  **i* 
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GEORGE  M.  BREWSTER  &  SON,  Inc 


uses 


Thete  four  600  cfm  Cyro-Ffo  portmbloa  mpply  air  power  for 
operating  up  to  eleven  l-R  wagcn  drilh  on  thi$  job.  Air  from 
the  receiver  if  piped  700  to  >900  feet  to  the  drilling  fife 
through  a  6"  line.  In  left  foreground  if  en  l-R  air  powered 
Jackbit  grinder. 


Dg  job  in  a  hurry.  That’s  the  fabulous  N.  Y.  Thruway 
—a  non-stop,  high-speed  highway  from  New  York  City  to 
Buffalo,  scheduled  for  completion  in  1954. 

To  George  M.  Brewster  &  Son,  Inc.,  sub-contractor 
for  all  rock  work  on  the  7  V2  mile  stretch  from  Kingston 
to  Whiteport,  goes  the  job  of  excavating  an  estimated 
900,000  cubic  yards  of  rock  in  record  time.  And  this 
project  is  already  well  under  way— with  the  help  of 
Gyro-Flo  portable  compressors  and  I-R  rock  drill 
equipment. 

The  Gyro-Flo  rotary  sliding-vane  compressor  speeds 
drilling  operations  by  delivering  an  abundant  supply  of 
air,  at  constant  pressure,  with  the  most  dependable, 
trouble-free  performance  ever  obtainable  in  a  portable 
unit.  That’s  because  the  Gyro-Flo  has  no  valves,  pistons, 
rings,  rods  or  clutches  to  wear  out,  adjust  or  replace. 
It  delivers  oil-free  air  at  temperatures  that  never  exceed 
200°  F.  And  pressure  is  controlled  closely  and  smoothly 
all  the  way  from  0  to  100%  capacity. 

Now  available  in  125,  210,  315  and  600  cfm  sizes, 
Gyro-Flo  portables  offer  a  new  high  in  air  power  effi¬ 
ciency  for  practically  any  job.  For  the  complete  story, 
contact  yo(ir  nearest  Ingersoll-Rand  distributor  or 
branch  office. 


Above  are  four  of  the  FM^2  wagon 
drilli  tupplied  by  the  Oyro-Ffo  com^ 
pregeorM  $hown  at  the  top.  Each  drill 
If  equipped  with  an  i-R  air  hoigt  to 
facilitate  movement  of  the  drill  car- 
riage  on  the  gteep  glopeg. 


Brewgter  aho  ugeg  three  gelf- 
contained,  geU-powered  and 
gelf -propelled  i-R  Quarry- 
magterg  for  deep-hole  drilling. 


^  IngensoU-Rand 

11  Broadway,  Now  York  4,  N.  Y. 


'oadway, 


COMPRESSORS 

ROCK  DRILLS 

AIR  TOOLS 

TURBO  BLOWERS 

CONDENSERS 

CENTRIFUGAL  PUMPS 

DIESEL  AND  GAS  ENGINES 


r< 
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IMPOSSIBLE 

WITHOUT 

EXPLOSIVES 


120  million  tons  ol  iron  ore,  it  is  estiinaleiJ,  were  mined  in  open  pits  ami 
underground  operations  last  year.  This  photograph  shows  some  of  the  highly 
mechanized  o[K*rations  which  make  such  huge  production  possible. 

But  b<‘fore  the  ore  can  he  dug,  millions  of  pounds  of  expl<»sives  are  used 
to  break  it  loose  from  working  faces,  to  assure  easy  shovel  digging  and  rapid 
transportation  of  the  ore  to  the  crushing  and  washing  plants. 

The  manufacture  of  explosives  and  the  knowh'dge  of  their  efiicient  and 
economical  use  have  been  Hercules  business  for  40  years.  During  this  time 
we  have  studied  the  varying  conditions  under  which  explosives  are  used 
ami  have  pioneered  in  developing  the  right  typ«*s  of  exphtsives  for  industrial 
needs.  Hercules  explosives  and  services  assure  economical  atid  eflieient 
blasting  not  otdy  in  metal  mining,  hut  in  coal  mining,  (piarrying,  construc¬ 
tion —  in  fact,  wherever  explosives  are  used. 

HERCULES  POWDER  COMPANY  r 
Explosives  Dejuirtment,  990  King  St.,  Wilmin^on  99,  Del. 

Rirmingham,  Ala.;  Chicago,  III.;  Duluth,  Minn.;  Hazleton,  I’a.;  Joplin,  Mo;  [.os 
Angeles,  Cal.;  New  York,  N.  Y.;  I’ittshurgh,  F’a.;  Salt  I.ake  C.ity,  Utah;  San  Francisco,  (’.al. 


